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STEROIDAL GLYCOSIDES FOR TREATING 
5 HYpgRCHOLESTEROmMIA 

Background of the Invention 

This invention relates to steroidal glycosides and methods of using the same, 
particularly as hypocholesterolemic agents and antiatherosderosis agents, in 
10 mammals. 

Many known products possessing hypocholesterolemic activity are cross- 
linked synthetic polymer derivatives, for example of polystyrene. For example, 
cross-linked, water-insoluble, bPe-acid-binding polystyrene-based resins, e.g., 
Cholestyramine 9 agents, have a gritty 'mouth-feel', and thus have poor payability. 

15 In addition, these resin beads typically have a low in vtvg efficiency. Thus, the 
effective hypocholesterolemic dose of these materials is excessive, typically 18-24 
grams of formulated product per day. Other known polymers having 
hypocholesterolemic activity include the natural product chitosan and chrtosan 
derivatives as described in European Application pub. no. 0212145. However, the 

20 effective hypocholesterolemic dose of these materials is also high. 

Other known hypercholesterolemia controlling agents include plant extracts 
such as "alfalfa saponins*. However, these plant extracts are of variable composition 
and contain significant amounts of nonuseful chemical substances. Due to the 
variations in composition, it is difficult to set a standard dosage or predict the 

25 impurities present Thus, such extracts are not well suited for use by humans. 
Furthermore purification of these extracts would be expensive. As an alternative 
certain synthetically produced, pure 'sapogenin-derivecT compounds e.g., 
substances compounded from spirostane, splrostene or sterol-derived compounds 
depress cholesterol absorption more effectively than alfalfa extracts on a weight 

3Q basis and thus can be administered in reasonable sized doses. Because the 
chemical compositions of these substances are known and because they can be 
synthesized at a high degree of purity, they are suitable for use by any warm* 
blooded animal, including humans. 
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However, unl ss administ red in massiv amounts, pur sap genins do not 
significantly inhibit cholesterol's absorption. It is only when compounded with 
5 another moiety that sapogenins have the desired effect. Examples of such 
sapogenin compounds are compounds of tlgogenin and diosgenin, particularly 
glycosides thereof. P.K. Wntia, lu. K. Vasilenko, G.M. Gorianu, VA Bobeiko, I.V. 
Suetina, IM.E. Mashehenko, Kim. Pharm. 2h., 1981, 15(9), 55 discloses 3-0-(B-D- 
galactopyranosyQhecogenin and its use as a hypocholesterolemic agent. U.S. Pat. 

10 Nos. 4,602,003 and 4,602,005 disclose certain steroidal glycosides, in particular 3-0- 
(B-D-glucopyranosyl)tfgogenin and 3-0-(8-0-cellobiosyl)tigogenin and their use for 
the control of hypercholesterolemia. 3-0-(B-D-celloblosyl)tigogenin has superior 
hypocholesterolemic activity when compared to, for example, cholestyramine. 
In addition, certain other steroidal glycosides described below have been 

1 5 published, however these publications do not address hypocholesterolemic activity. 
"Structural Features of the Antioxidant and fungicidal Activity of Steroid Glycosides", 
Dlmoglo, A. S.; Choban I. N.; Bersuker, I. B.; Wntya, P. K.; Balashova, N. N.; Bloorg. 
Khlm, 11(3), 408-413, 1985 discloses rockogenin B-D-galactopyranoside and 
tlgogenin B-EWactoside. "Preparation and Properties of Some New Steroid 8-D- 

20 GJucopyranosides, B-D-GlucopyranosJduronic Adds, and Derivatives", Schneider, 
J.J.; Cafb. Research, 17, 199-207, 1971 discloses tlgogenin B-O- 
glucopyranuronoside. "Sterol Glycoside with Activity as Prostaglandin Synthetase 
Inhibitor", Pegef, K. H. Walker, H.; United States Patent 4,260,603. April 7. 1981 
discloses hecogenin B-D-glucopyranoside. "Hemolytic Properties of Synthetic 

25 Glycosides", Segal. R; Shud. F.; Milo-Goldzweig. I.; J. Pharm. Sci., 67 (1 1) 1589- 
1592, 1978 discloses tlgogenin B-D-maltoside, tlgogenin B-L-fucopyranoside, 
smfiagenin 8-maltoside and tlgogenin o-L-rhamnoside. "Steroid Glycosides from th 
Roots of Capsicum Annuum II: The Structure of the Capsfcosides", Qutsu, E.V.; 
Wntya, P.K.; Lazurevskil, G.V.; Khim. Prlr. Soedln., (2), 242-246, 1987 discloses 

30 tlgogenin a-D-arabanopyranoside and tlgogenin B-D-galactopyranoside. 

"MoOusdddal Saponins from Comus Florida L", Hostettmann, K.; Hostettmann- 
Kaldas, M.; Nakanishi, K.; Helv. Chim. Acta, 61, 1990-1995, 1978 discloses 
smilagenin B-D-galactopyranoside. "Steroidal Saponins from Several Species of 
Uiifiorae Plants", Yang, C; U, K.; Ding, Y.; Yunnan Zhiwu Yanjhj Zengkan, Suppl. 3, 

35 13-23, 1990 discloses (25S) - hecogenin cellobiosid . "Determination of the 
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Absolut C nfiguration of a Secondary Hydroxy Group in a Chiral Secondary 
Alcohol Using Glycosidatlon shifts in Carbon-13 NMR Spectroscopy*, Seo, S.; 
5 Tomita, Y.; Tori, K.; Yoshimura, Y.; J. Am. Chem. Soc, 100(11), 3331-3339, 1978 
discloses smilagenin B-glucoside and smilagenin a-glucoside. "Steroid Glycosides 
from Asparagus Officinalis", Lazurevskii, G. V.; Goryanu, G. M.; Kintya, P. K.; Dokl. 
Akad. Nauk. SSSR, 231(6), 1479-81, 1976 discloses sarsasapogenin B-glucoside. 



10 significant contribution to the art there is a continuing search in this field of art for 
improved hypocholesterolemic pharmaceuticals. 

Summary of the Invention 
This Invention is directed to steroidal glycosides, particularly spirostanyl 
15 glycosides, that are useful as hypocholesterolemic agents and antiatherosclerosis 
agents. The compounds of this invention have the formula 



Although the hypocholesterolemic compounds described above make a 



20 




H 



Formula IA 



25 



wherein either (A): 



H OH OH H 



carbonyt, " c 




30 



H OH OH H 

Q* is carbonyl, methylene, -C- or -C- ; 
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H OR 1 Rl 0 H 



-C- j -c- i 



R 1 0-allcylene(C 2 -C 3 >-0 H 




5 



R 1 0-aikyltneCC 2 -C 3 >-0 




H 



or 



Q 4 and Q 8 are both methylene; 



10 



and wherein 



R 1 is 

B-D-glucopyranosyt, 

B-D-giucopyranuronosyl, 

B-D-a-acetamido^-deoxy-glucopyranosyl, 

B-D-galactopyranosyl, 

B-D-fucopyranosyl, 

B-L-fucopyranosyl, 

G-D-xylopyranosyl, 

B-L-xytopyranosyl, 

a-D-arabanopyranosyt, 
o-L-arabanopyranosyl , 
a-D-cellobiosyt, 
B-D-ceUoWosyi, 

B-Wactosyl, 

B-D-maftosyi, 

8-D-gentiobiosyl, 

3-0-B-D^aiadopyranosylHy-[>arabanopyranosyi or 
B-Omaltotriosyl; 



or(B): 



30 



Q\ Q 4 and Q 9 are ail methylene; 

H 0H OH H 



, V V 

Q 2 is -C- or -C- ; 
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H OR 1 * l Q H R x 0-aUylene<C 2 -C 3 >-0 H 

tfis -c- , -c- , -e- 



5 

or 



10 



R 1 0-alkylene(C ? -C !l )-0 H 

-C- 

and wherein 



R 1 is 

B-D-glucopyranosyl, 

B-D-glucopyranuronosyl, 

B-D-2-acetamido-2-deoxy-gIucopyranosyl, 

1g B-D-fucopyranosyl, 

B-L-fucopyranosyl, 

B-D-xylopyranosyl, 

B-L-xylopyranosyl, 

a-D-arabanopyranosyt, 
o-L-arabanopyranosyl, 
B-D-cellobiosyt, 

B-D-lactosyl, 

B-D-maKosyl, 

8-D-gentiobiosyl, 

30*D^aIactopyranosy1^-0-arabanopyranosyl or 
B-D-maltotriosyl; 

or (C): 



20 



25 



30 



Q\ Q 4 and Q 6 are all methylene; 
Q 2 is carbonyl; 

H OR 1 R l 0-«lkyl«nt(C 2 -C 3 ).0 A M 

tfls <- 
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or 



R 1 0-alkylene(C 2 -C 3 )-0 H 



-C- 



C« is (R); 
and wherein 
R 1 is 

10 B-D-glucopyranuronosyJ, 

B-D-2-acetamido-2-deoxy-glucopyranosyl t 

B-D-fucopyranosyf, 

B-L-fucopyranosyl, 

B-D-xylopyranosyi, 

15 B-L-xylopyranosyl, 

o-D-arabanopyranosyl , 
o-L-arabanopyranosyl, 

B-D-cellobiosyl, 

B-D-iactosyl, 

2Q B-D-maltosyl, 

B-Ogentiobiosyl, 

3-04W>^alactopyranosyl^-[^ or 
B-D-maltotriosyl; 

or(D): 

25 Q\ tf, Q 4 and Q 5 are each methylene; 

H OR 1 Rl g H R l 0-«lkyl«n«<C a -C 3 )-0^ M 

and Q*ta -<> > -C- » 



„ or 
30 



R^-alkyleneCC.-CO-O H 

V s 

-C- 



and wherein 
R 1 is 

B-D-2-acetamido-2-deoxy-glucopyranosyl l 
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B-D-fucopyranosyl, 

B-D-xylopyranosyl, 

5 B-L-xylopyranosyl, 

o-L-arabanopyranosyl, 
B-D-celloblosyl, 

8-D-gentiobiosyl, 

3-O^D^aiadopyranosyl-ff-D-arabanopyranosyl ( or 
10 B-mattotriosyl; 

or(E): 

Q\ Q 2 , and Q 5 are each methylene; 

HQ H 

v. 



15 



Q 4 is carbonyi or 



H OR 1 Rio H 

% / % / 

Q* is -C- or -C- ; 

Cg is alpha; 
20 Cjb is (R); and wherein 

R 1 is 

B-D-gaiactopyranosyi, 
S-D-ceilobiosyi, 
B-D-lactosyi, 
25 B-D-maitosyi or 

B-D-maJtotriosyl; 

or(F): 

Q\ Q 3 , and Q* are each methylene; 

V 

30 CP is carbonyi or " c " ; 
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H OR 1 R x 0 H 

% / % / 

Q 3 is -C- or -C- ; 

5 

C 5 is alpha; 

C n is (R); and wherein 
R' is 

B-D-galactopyranosyl, 
10 B-D-ceflobiosyl, 
3-D-Jactosyl, 
B-D-mattosyl or 
B-D-maKotriosyl; 

with the proviso that (3B,5a,25R)-3-[(B-r>cellobiosyl)oxy]spirostane 
15 is not included. 

A first group of preferred compounds of Formula IA consists of these 

H OH HO h 

compounds wherein Q 1 is carbonyl, -C- or -C- , Q' » methylene, Q» is 



20 h OR 1 

V 

" c " , Q* is methylene, Q" is methylene, the C 8 hydrogen is alpha and Cjg has 

the R configuration. Especially preferred within this group are compounds wherein 
Q 1 is carbonyl and R 1 is B-D-cellobiosyl, o-D-cellobiosyl, B-D-glucopyranosyl, 0-D- 
25 galactopyranosyl, B-Wactosyl, B-D^naltosyl or B-O-maltotriosyl. Also, especially 

H OH 

preferred withbi this group is a compound wherein Q' is -c_ and R 1 is B-D- 
ceflobiosyl. Another especially preferred compound within this group is a 

compound wherein Q is _c- and R 1 is B-D-cellobiosyl. 



35 



WO 94/00480 



PCT/US93/04092 



-9- 



A second group f preferred compounds of Formula IA ar compounds 

H OH HO H H OR 1 

V %/ 

wherein Q' is methylene, Q 2 is -C- 0 r -C- , Q» is -C- , q* j s methylene, Q 5 
is methylene, the C 5 hydrogen is alpha and C 26 is (R). Especially preferred within 

H OH 

%/ 

this second group is a compound wherein Q 2 is -c " and R 1 is S-D-celloblosyl. 

A third group of preferred compounds of Formula IA are compounds wherein 
H OH HO H H OH HO H H OR 1 

V V %/ x/ %r 

Q 1 is carbonyl, _c_ or -C- , Q 3 is carbonyl, -c_ or -C- t q» ^ -c- ( 

15 Q 4 is methylene. Q 5 is methylene, the C B hydrogen is alpha and C„ is (R). 

Especially preferred within this group is a compound wherein Q' is carbonyl, Q 2 is 
carbonyl and R' is B-O-cellobiosyl. Another especially preferred compound within 

H OH 

% / 

this group is a compound wherein Q' is carbonyl, Q 2 is -C- and R 1 is S-D- 



10 



20 



25 



30 



cellobiosyl. Another especially preferred compound within this group is a 



h oh 

v/ 



compound wherein Q 1 is carbonyl, Q 1 is -C- and R' is B-Wactosyl. Another 
especially preferred compound within this group is a compound wherein Q 1 is 



H 0H 

V/ 



35 



c " . Q 2 is carbonyl and R 1 is B-D^ellobiosyl. Another especially preferred 

H0 h 

compound within this group is a compound wherein Q' is -C- , q j is carbonyl 

and R' is B-Dcellobiosyl. 

A fourth group of preferred compounds of Formula IA are compounds 

H OR 1 

%/ 

wherein Q 1 is methylene, Q 2 is carbonyl, Q J is -C- , Q* is methylene, Q" Is 
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methylene, the C 9 hydrogen is alpha and C x is (R). Especially preferred within this 
fourth group are compounds wherein R 1 is B-Wactosyl or B-D-cellobiosyl. 
5 A fifth group of preferred compounds of Formula IA are compounds wherein 

H OR 1 

Q 1 and Q* are each methylene, Q 3 is " c ~ , Q 4 and Q 5 are each methylene and 

C n Is (R). Especially preferred within this fifth group is a compound wherein the C 8 
10 hydrogen is alpha and R 1 is B-D-gentiobiosyl. Another especially preferred 

compound within this group is a compound wherein the C s hydrogen is beta and R 1 
is B-D-cellobiosyl. 

A sixth group of preferred compounds of Formula IA are compounds wherein 

H OR 1 

15 Q\ Q* and Q 6 are each methylene, Q* is * c " , Q 4 is carbonyl, the C, hydrogen is 

alpha and C a is (R). Especially preferred within this group is a compound wherein 
R Y is B-D-cellobiosyl. 

A seventh group of preferred compounds of Formula IA are compounds 
20 h OR 1 

wherein Q\ Q 2 and Q 4 are each methylene, Q* is * c " , Q 8 is carbonyl, the 

hydrogen is alpha and C n is (R). Especially preferred within this group is a 
compound wherein R 1 is B-D-cellobiosyl. 
25 Yet another aspect of this invention is directed to a method for controlling 

hypercholesterolemia or atherosclerosis in a mammal by administering to a mammal 
suffering from hypercholesterolemia or atherosclerosis a hypercholesterolemia or 
atherosclerosis controlling amount of a Formula I spirostanyf glycoside 



30 




Formula I 
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wher in 

either (A): 

H OH OH H 

V / 

Q 1 is methylene, carbonyl, -C- or -C- ; 



H OH OH H 

V V 

Cr is methylene, carbonyl, ' c " or " c " ; 

H OR 1 RX g > H R 1 0-4lkyl«ne<C8-C 3 )-0 H 
Q 3 is » 3> 1 V- 



or 

15 



R 1 0-*lkyl«n«<C 2 -C 3 >-0 H 

-C- 



Q 4 and Q 8 are both methylene; 
and wherein 
R'is 

20 

6-D-glucopyranosyl, 

B-D-glucopyranuronosyl, 

Q-D-2-acetamldo-2-deoxy-glucopyranosyl, 

B-D-galactopyranosyt, 

B-D-fucopyranosyl, 

25 

B-L-fucopyranosyl, 

B-D-xylopyranosyl, 

B-L-xytopyranosyt, 

o-D-arabanopyranosyl, 
o-L-arabanopyranosyl, 
30 o-D-cellobiosyl, 
B-D-ceilobiosyl, 

B-Wactosyl, 

B-D-maltosyl, 

B-D-gentiobi syl, 
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3-O-Q-D-gaJact pyran syt-o-D-araban pyran syt, r 
B-maltotriosyl; 

or(B): 

Q 1 , Q J , and Q* are each methylene; 

H OR 1 R*0 H 

, V V 

Q* is -C- or -C- ; 



10 HO H 

V 

Q 4 is carbonyt or " c " ; 



C, is alpha; 
C»ls(R); 
15 and wherein 
R 1 is 

B-D-galactopyranosyl, 
S-D-ceOobiosyl, 
WWactosyl, 
20 B-D-maltosyl or 

S-D-maitotriosyl; 

or(C): 

Q 1 , Q 3 and Q* are each methylene; 



25 



H 0R X r*o H 
Q* it -C- or -C- ; 



"V. 



Q" it carbonyl or 

30 Co is alpha; 

C»lt(R); 
and wherein; 
R'it 

B-Offalactopyranosyl, 
35 B-Ocellobiosyl, 
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B-D-Jact syt, 
B-D-maltosyl or 
5 B-D-maltotriosyl; 

with the proviso that 

(38 f 5a,25R)-3-[(a-l>cellobiosyl)oxy]spirostane, 
(38 ( 5a,25R)-3-[(Q-D-glucopyrano8yl)oxy]spirostane, 
(3B t 5a ( 25R)-3-{(S-D-ce!lobiosyl)oxy]spirostane or 
1 0 (30,5a,25R)^[(B.D-galactopyranosyl)oxy]spirostan-1 2-one are not Inciuded. 

A first group of preferred compounds of Formula I are compounds 

H OR 1 

wherein Q\ Q 2 , Q 4 and Q s are methylene, C 25 is (R) and Q 3 is -C- . Especially 

15 preferred within this group are compounds wherein the C, hydrogen is alpha and R 1 
is B-D-glucopyranuronosyl, B-D-maltosyl, B-D-lactosyt v B-D-gentiobiosyl or B-D- 
galactopyranosyl. Another especially preferred compound within this group is a 
compound wherein the C B hydrogen is beta and R 1 is 8-D-cellobiosyl. 

A second group of preferred compounds of Formula I are compounds 

20 H OH OH H H OR 1 



% 



/ **</ %/ 



wherein Q 1 is carbonyl, -C- 0 r " c " , Q 2 is methylene, Q* is " c " , Q 4 and Q 8 

are each methylene, C a is (R) and the C 5 hydrogen is alpha. Especially preferred 
within this second group are compounds wherein Q 1 is carbonyl and R 1 is B-D- 
25 cellobiosyl, o-D-ceilobiosyl, B-D-ghicopyranosyf, frC-galactopyranosyl, B-Wactosyl, 
B-D-maltosyl or B-D-maltotriosyl. Another especially preferred compound within this 

H OH 

second group is a compound wherein Q 1 is " c " and R 1 is B-D-celloblosyl. 
3Q Another especially preferred compound within this second group is a compound 

"V 

wherein Q 1 is -C- and R 1 is B-D-cellobiosyl. 
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30 



A third group of pref rr d compounds of Formula I are c mp unds wherein 

H OH HO H H OR 1 

c %/ %/ 

* Q' is methylene, Q J is carbonyl, -c_ or " c " , Q 3 is _c_ , Q 4 and Q* are 

each methylene, C J5 is (R) and the C, hydrogen is alpha. Especially preferred within 
this third group are compounds wherein Q 2 is carbonyl and R' is B-D-cellobiosyl or 
B-D-lactosyl. Other especially preferred compounds within this third group are 
10 H OH 

compounds wherein Q 1 is -C- and R 1 is B-D-cellobiosyl or B-D-galactopyranosyl. 
A fourth group of preferred compounds of Formula I are compounds wherein 

H OH H0 H H OH HO H H OR 1 

15 Q 1 is carbonyl, -c- or ~ c " , Q* is carbonyl, " c_ or " c - , Q 3 is " c - , 

Q* and Q* are each methylene, the C, hydrogen is alpha and C M is (R). Especially 
preferred within this fourth group is a compound wherein Q' is carbonyl, Q* is 
carbonyl and R 1 is B-D-cellobiosyl. Especially preferred within this fourth group are 
on H OH 

compounds wherein Q' is carbonyl, Q 1 is -C- and R 1 is B-D-cellobiosyl or B-D- 
lactosyl. Another especially preferred compound within this group is a compound 

H OH 

25 wherein Q 1 is " c " , 0 s is carbonyl, and R 1 is B-D-ceilobiosyl. Another especially 

V 

preforred compound within this group is a compound wherein Q 1 is ~ c ~ , Q* is 

carbonyl and R 1 Is B-D-cellobiosyl. 

A fifth group of preferred compounds of Formula I are compounds wherein 

H OR 1 
%/ 

Q\ Q* and Q 9 are each methylene, Q 3 is -c- , Q 4 is carbonyl, the C, hydrogen is 



alpha and C„ is (R). Especially preferred within this group is a compound wherein 
35 R' is B-D-cell blosyl. 
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A sixth group of preferred comp unds of Formula I are compounds wh rein 

H OR 1 

5 Q\ Q 2 and Q 4 are each methylene, Q 3 is " c ' , Q 8 is carbonyl, the C 5 hydrogen is 

alpha and C 25 is (R). Especially preferred within this group is a compound wherein 
R 1 is B-D-cellobiosyl. 

This invention is also directed to pharmaceutical compositions for the control 
10 °* hypercholesterolemia or atherosclerosis In mammals which comprise a 
compound of the Formula IA and a pharmaceutical^ acceptable carrier. 

Yet another aspect of this invention is directed to a composition comprising a 
hydrate of a compound of the Formula 1 A. 

The compounds of Formulas IA and I are herein defined as the single 
15 enantiomer having the absolute stereochemistry depicted in Formulas IA and I 
respectively. 

Other features and advantages will be apparent from the specification and 
daims which describe the invention. 
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Th Formula IA compounds are a subset of th F rmula I compounds. 
Thus, in th following detailed descriptions of th invention (e.g., h w t make the 
5 invention, how to use the invention) reference to the Formula I group of compounds, 
inherently encompasses the Formula IA compounds. 

The following description of reaction Schemes I, II & III describe how to make 
the Formula I compounds wherein Q 4 and Q* are both methylene. 

According to reaction Scheme I, the desired Formula I compounds wherein 
10 Q\ Q 2 and Q 3 are as defined above may be prepared by deacetylating the 
appropriate alpha peracetyiated Formula III compound or beta peracetylated 
Formula IV compound wherein Q 1 and Q 2 are as defined above and X is either a 
bond or alkylene-O-. 

Typically the deacetylation is accomplished by combining the Formula III or 
15 IV compound with a nudeophilic base such as sodium methoxide or potassium 
cyanide in a solvent such as methanol, tetrahydrofuran, n-propanol or mixtures 
thereof at elevated temperatures of about 40° C to about 100°C (typically at reflux) 
and pressures of 0.5 psi to about 50 psi (typically ambient) for about 0.25 hour to 
about 2 hours. In addition, for Formula I compounds when the sugar is 
20 glucopyranuronosyl, the resultant deacetylated compound is further hydrolyzed by, 
for example, exposure to sodium hydroxide. Also, where appropriate, those 
compounds wherein either Q 1 or Q* are carbonyl may be reduced to yield the 
corresponding alcohols in an alternative process to performing the reduction prior to 
coupling (described in Reaction Scheme IV and the accompanying text). In an 
25 analogous manner, where appropriate, those compounds wherein either Q 1 or Q 2 
are hydroxy may be oxidized to yield the corresponding carbonyl in an alternative 
process to performing the oxidation prior to coupling. 

The desired Formula III compound wherein Q 1 and Q 2 are as defined above 
may be prepared by anomerizing the appropriate Formula IV compound wherein Q 1 
30 and Q 2 areas defined above. The stereochemical terms alpha and beta refer to the 
configuration of the attachment carbon of the sugar. 

Typically the anomerization is performed by treatment with a mineral 
acid such as hydrobromic acid in an anhydrous aprotic solvent such as methylene 
chloride at temperatures of 20°C to about 40 °C (typicairy ambient) for at least 24 
35 hours, typically t several days. H wever, for arabanopyranosyi derivatives the 
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alpha an mer is btained directly from the saccharide-steroid c upling d scribed 
below and the beta anomer from the above process (i.e., the nomenclature 
5 reverses). 

According to Reaction Scheme II the desired Formula IV compounds wherein 
Q 1 and Q 2 are as defined above may be prepared by coupling the appropriate 
acetylated sugar halide (e.g., bromide) and steroid. More specifically, for those 
Formula IV compounds where the sugar is other than B-D-maltosyl, B-D-gentiobiosyl 

10 or B-D-2-acetamido-2-deoxy-gIucopyranosyl f a zinc fluoride promoted coupling of th 
appropriate Formula V compound (wherein Q 1 and Q 2 are as defined above and X is 
either a bond or alkytene-O-) and peracetytated sugar halide is used and for those 
Formula IV compounds where the sugar is B-D-maitosyl, B-D-gentiobiosyl or B-D-2- 
acetamido-2-deoxy-gJucopyranosyl, a mercuric bromide and mercuric cyanide 

15 promoted coupling of the appropriate Formula VI compound (e.g., trimethyl silyi 
ether of the Formula V compound wherein Q 1 and Q 2 are as defined above and X is 
either a bond or alkylene-O-) and peracetytated sugar halide is used. " 

Generally, the zinc fluoride promoted coupling of the Formula V compound 
and the peracetytated sugar bromide occurs in a norvprotic, anhydrous reaction- 

20 inert solvent (e.g., acetonttrile) at a temperature of about 20 °C to about 100°C for 
about 0.5 to about 12 hours. Typically about 0.5 to about 4 equivalents (based on 
Formula V compound) zinc fluoride is used and about 0.5 to about 3 equivalents 
acetylated sugar bromide is used. Preferably the coupling is acid catalyzed and it is 
especially preferred that hydrohalic acid generated during the reaction is used as 

25 the add catalyst The desired compounds may be prepared at pressures of 0.5 to 
50 psi, although typically ambient pressures are used. In a preferred isolation 
technique the glycosides may be precipitated from the crude filtered reaction mixture 
(e.g., acetonttrile product solution) by the addition of about 25% to 75% water and 
the remainder alcohol (e.g. f methanol). Precipitation of the product from aqueous 

30 methanol/acetonitrile requires less processing than an extractive isolation, and 
provides a product of greater purity. 

Generally, the mercuric bromide and mercuric cyanide promoted coupling of 
the Formula VI compound and the acetylated sugar bromide is performed in an 
aprotic, anhydrous solvent such as methylene chloride at a temperature of about 

35 20°C t about 100 C for about 0.5 to about 6 hours. Typically about 0.5 1 about 4 
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equtvalents (based on Formula IV compound) mercuric bromide and mercuric 
cyanide is used and about 0.5 to about 3 equivalents peracetyiated sugar bromide 
5 (e.g., B-D-maitosyl, B-O-gentiobiosyi or B-D-2-acetamido-2-deoxy-glucopyranosyl) is 
used. The desired compounds may be prepared at pressures of 0.5 to 50 psl, 
although typically ambient pressures are used. Preferably they are isolated as 
described for the zinc fluoride promoted coupling of the Formula V compound 
above. 

10 The desired Formula VI compounds wherein Q 1 and Q 2 are as defined above 

and X is either a bond or alkylene-O- may be prepared by sflytating the appropriate 
Formula V compound wherein Q' and Q* are as defined above and X is either a 
bond or alkylene-O-. 

Generally the Formula V compound, a base such as triethylamine and an 

15 activated trialkylsilyl compound (e.g., trimethylsilyl trifluoromethane sulfonate or 
trimethylsilyl chloride) are reacted in an aprotic, anhydrous solvent such as 
methylene chloride at a temperature less than about 10°C for about 0.5 hour to 
about 2 hours. 

According to Reaction Scheme III the desired Formula V compounds wherein 
20 Q 1 and Q* are as defined above and X is alkylene-O- may be prepared by reducing 
the appropriate Formula VII compound wherein Q 1 and Q 7 are as defined above. 

Generally the reduction is performed by reaction of the Formula VII 
compound with lithium aluminum hydride in an anhydrous solvent such as 
tetrahydrofuran at temperatures of less than about 10° C for about 0.5 hour to about 
25 3 hours. 

The desired Formula VII compounds wherein Q 1 and Q 2 are as defined 
above may be prepared by coupling the appropriate Formula V!ll compound where 
Q' and Q 2 are as defined above with ethyl diazoacetate in the presence of rhodium 
acetate cflmer. Thus, the Formula VIII compound and ethyl diazoacetate are reacted 

30 in an aprotic solvent such as methylene chloride in the presence of rhodium acetat 
dimer at ambient temperature for about 0.5 hour to about 3 hours. 

The starting materials for the above described reaction schemes (e.g., ethyl 
diazoacetate, peracetyiated sugar halides) are readily available or can be easily 
synthesized by those skilled in the art using conventional methods of organic 

35 synthesis. 
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ln addition, as an aid to th preparation of th ab v steroids, the following 
paragraphs describe the preparation of the various Formula VIII compounds. 
5 Literature references for the preparation of Formula VIII steroid compounds (wherein 
Q 1 is methylene and Q 2 and the stereochemistry of the C 9 hydrogen and carbon 
are as defined below) are described in Table I. 

TABLE I 

Formula VIII Compounds Where Q 1 is Methylene and 
the C 3 Hydroxy Group is Beta 



15 



20 



fcT 

| hydrogen 


c„ 


Q 2 


Reference 


a 


R 


CH 2 


R. E. Marker et. a!., J. Am. 
Chem. Soc.(1943)651199. 


a 


R 


C=0 


Marker et. al., J. Am. Chem. Soc. (1947) 69, 2167. 


a 


S 


CH, 


Goodson & Noller J. Am. Chem. Soc. * 
(1939)61,2420. 


a 


S 


C=0 


Callow & James J. Chem. Soc. (1955) 1671. 


B 


R 


CH, 


Marker et. al., J. Am. Chem. Soc. (1943) 65. 1199. 


B 


R 


C=0 


Marker et. al., J. Am. Chem. Soc. (1947) 69, 2167. 


B 


S 


CH, 


Marker et. al., J. Am. Chem. Soc. (1943) 65, 1199. 


B 


S 


C=0 


Kenney & Wall J. Org. Chem. (1957) 22, 468. 



25 The following paragraphs describe and/or give literature references for the 

preparation of the various steroids used as starting materials (i.e., the alternative 
stereochemistry at the C, position and the oxygenation and different epimers at C n 
and C ia ) from the above Formula VIII compounds described in Table I. In general 
the preparation of the different oxygenated steroids is independent of the 

30 stereochemistry at the C 3 , and positions. Thus, once the appropriate 

stereochemistry at the C„ C, and C n positions are achieved where Q 1 and Q 2 are 
each methylene or where Q 1 is methylene and Q 2 is carbonyl, the various 
oxygenated compounds at Q 1 and Q 3 may be prepared therefrom. 
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Som f the preparation methods described herein will require protect! n of 
remote functionality (i.e., Q 1 , Q 2 and Q 3 ). The need for these protecting groups will 
5 vary depending on the nature of the remote functionality and the conditions of the 
preparation methods. This need is readily determined by one skilled in the art. For 
a general description of protecting groups and their use, see T.W. Greene, 
Protective Groups in Organic Synthesis, John Wiiey & Sons, New York, 1981. 

The Formula VIII compounds wherein Q 1 is methylene, Q 2 is either methylene 
10 or carbonyl and the C 3 hydroxy is beta may be converted to the corresponding 
Formula VIII compounds where the C 3 hydroxy is alpha by the following two 
procedures. These preparative methods may be used independent of the 
stereochemistry. 

If Q 2 is carbonyl, the carbonyl is protected as a ketal (e.g., ethylene ketal), by 

15 reacting the steroid with ethylene glycol and an acid catalyst according to the 
procedure of Engel and Rakhit, Can. J. Chem, 4Q, 2153, 1962. When the C 9 
hydrogen Is alpha, the C 3 hydroxy group is oxidized to the ketone using pyridinium 
chloro chromate (PCC) in methylene chloride at ambient conditions. Then the C 3 
ketone is reduced with a sterically hindered reducing agent such as K-Selectride* 

20 reducing agent, at low temperature in tetrahydrofuran to give the C 3 alpha alcohol 
according to Gondos and Orr, J. Chem. Soc. Chem. Commun. 21> 1239, 1982. If 
appropriate, the Q 2 protecting group Is removed with add, such as hydrochloric 
acid, in an appropriate solvent such as acetone. 

For those compounds wherein the C 5 hydrogen is beta the same procedures 

25 are used as were used when the Cj hydrogen is alpha except the C 3 ketone is 
reduced using sodium borohydride in ethanol to furnish the C 3 alpha alcohol. 

Reaction Scheme IV illustrates the reaction pathways to achieve the Formula 
VIII compounds wherein Q 1 and Q 2 are defined above starting from the Formula VIII 
compound wherein Q 1 is methylene and Q 2 is carbonyl. 

30 In general, preparation methods for these compounds may be found In LF. 

Fieser and M. Reser, Steroids, Reinhold Pub. Corp., New York, 1959 and references 
therein, however, the following descriptive text (which is keyed to Reaction Scheme 
IV) provides specific guidance. 
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Bri fly according t Reaction Schem IV meth d 1 , the starting material is 
acetyiated and br mininated according to the procedur described in J. Ch m, 
5 Soc . 1956, 4344. This intermediate is then reduced with lithium aluminum hydrid 
and treated with silver oxide by a procedure similar to that described in Hetv, Act. 
Chim. . 1953, 3§, 1241 . The resulting B-1 1 ,12-epoxide is opened with trichloroacetic 
acid, saponified and reduced with zinc and acetic acid using the procedure 
described in J. Chem. Soc . 1956, 4330 to give the product shown for method 1 . 

10 In method 2, the starting material is selectively acetyiated using the 

procedure described in J. Chem. Soc . 1956, 430. Using the procedure described 
in Org. Svn. . 1976, 55, 84, the resulting product is oxidized with chromium trioxide 
and pyridine. Using the procedure described in Synthesis . 1973, 790, the resulting 
product is saponified with potassium cyanide in water, methanol and THF to give the 

15 product shown for method 2. 

In method 3, the starting material is converted to the corresponding 
toluenesulfonythydrazone which is in turn treated with sodium methoxide using a 
procedure similar to that described in J. Am. Chem. Soc . 1954, 76^ 4013. The 
resulting 11-ene product is oxidized with osmium tetroxide and N-methytmorpholine- 

20 N-oxide according to the procedure describe in Tetrahedron Letters. 1976, 1973 to 
give the product shown for method 3. 

In method 4, the starting material is monobrominated using a procedure 
described in US Pat. No. 3,178,418. Hydrolysis of this intermediate using the 
procedure described in J. Chem. Soc. 1956, 4330 gives the product shown for 

25 method 4. 

in methods 5 and 6, the starting material is reduced with lithium aluminum 
hydride according to the procedure described in J. Am. Chem. Soc. 1954, Z§L 
4013. The two products shown in methods 5 and 6 are separated 
chromatographicalty. 

30 in method 7, the starting material is reduced with lithium aluminum hydride 

according to the procedure described in J. Am. Chem. Soc. 1951, Z2, 1777 to give 
the product shown. 

In method 8, the starting material is reduced with lithium and ammonia 
according to the procedure described in J. Am. Chem. Soc . 1953, Z§> 1282 to give 

35 the product sh wn. 
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In method 9, the starting material is acetyiated according to the procedur 
described in J, Am. Chem. Soc . 1955, 77, 1632 to give a mixture of acetates from 
5 which the 3,1 1-diacetate can be isolated. The unprotected 12-alcohol is then 

oxidized with chromium trioxide and pyridine according to the procedure described 
in Org. Svn. . 1976, 55, 84. Saponification of the acetates gives the product shown 
for method 9. 

In method 10, the starting material is diacetylated using the procedure 
10 described in J. Chem. Soc. 1956, 4330. The diacetate is reduced with calcium and 
ammonia using the procedure described in J. Chem. Soc . 1956, 4334 to give the 
product shown for method 10. 

In method 1 1 , the starting material is reduced with Ittnium and ammonia 
according to the procedure described In J. Am. Chem. Soc . 1953, 75, 1282 to give 
1 5 the product shown. 

In method 12, the starting material is reduced with lithium aluminum hydride 
according to the procedure described in J. Am. Chem. Soc . 1951 , ZS, 1777 to give 
the product shown. 

In method 13, the starting material is selectively protected at the 3-alcohoi 
20 with t-butyldlmethylchlorosilane and imidazole using the procedure described in J. 
Am. Chem. Soc. 1972, 94, 6190. Using the procedure described in Pro. Svn.. 
1976, £g, 84, the product is oxidized with chromium trioxide and pyridine. The 3- 
aicohol is then desilyiated with hydrofluoric add in acetonitrile using the procedure 
described in J. Am. Chem. Soc . 1972, 3£, 6190 to give the product shown for 
25 method 13. 

In method 14, the starting material is selectively protected at the 3-alcohol 
with t-butyidimethylchlorosiiane and imidazole using the procedure described in J. 
Am. Chem. Soc. 1972, 24 6190. The resulting intermediate is reduced with lithium 
aluminum hydride using the procedure described in J. Am. Chem. Soc. 1951 , Z3, 
30 1777. The resulting intermediate is selectively acetyiated on the 12-alcohol, silylated 
on the 11 -alcohol with trimethyisityttriflate and 2,6-tutidlne using the procedure 
described in Tetrahedron Letters. 1981 , 3455, and then deacetylated at the 12- 
alcohol with lithium aluminum hydride and an aqueous ammonium chloride quench. 
The 12-alcohol is oxidized with chromium trioxide and pyridine in methylene chloride 
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using th procedur described In Pro, Svn. . 1976, 55, 84, and then d silylated with 
hydrofluoric acid in ac tonitrile using the procedure described in J. Am. Chem. Soc . 
5 1972, 94, 6190 to give the product shown in method 14. 

According to Reaction Scheme V the desired Formula IA compounds wherein 
Q\ Q 2 , Q* f Q\ Q 8 , C 5 and are as described in (E) above (i.e., oxygenated at th 
Q 4 position) may be prepared by the following procedures. 

The desired Formula X compound can be prepared by the oxidation of 
10 tigogenin IX. Generally the oxidation is performed by reaction of tigogenin with 
pyridinium chlorochromate in a reaction inert solvent such as methylene chloride at 
0°C to ambient temperature for about 2 hours to about 10 hours. 

The desired Formula XI compound can be prepared by bromination of the 
Formula X compound followed by an elimination reaction. Typically the bromination 
15 is performed by reaction of the Formula X compound with bromine in 

tetrahydrofuran at a temperature of about -78 °C, followed by warming to ambient 
temperature for about 1 hour to about 3 hours. The elimination reaction is ' 
performed by reaction of the brominated product prepared above with lithium 
bromide and lithium carbonate in a polar, aprotic solvent such as dimethyl 
20 formamide at a temperature of about 100°C to about 140°C for about 1 hour to 
about 4 hours. 

The desired Formula XII compound can be prepared by epoxidation of the 
appropriate Formula XI compound followed by lithium aluminum hydride reduction. 
Generally the epoxidation is performed by reaction of the Formula XI compound with 

25 hydrogen peroxide and sodium hydroxide in a polar, protic solvent such as 

methanol at ambient temperature for about 2 hours to about 6 hours. The reduction 
is performed by reaction of the epoxide prepared above with Sthium aluminum 
hydride in a reaction inert solvent such as tetrahydrofuran at ambient temperature 
for 2 hours to about 6 hours. 

30 The desired Formula IA compound as described in (E) above wherein Q 4 

contains a hydroxy group may then be prepared from the appropriate Formula XII 
compound by a zinc fluoride catalyzed coupling followed by deacetylation with 
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s dium methoxide as d scribed previ usly. Those compounds wherein Q 4 is 
carbonyl may be prepared in an analogous manner, with the addition of oxidation 
5 with pyridinium chlorochromate (as described for Formula X compounds ) prior to 
the deacetylation. 

According to Reaction Scheme VI, the desired Formula IA compounds 
wherein Q l ,Q 2 ,Q 3 ,Q 4 Q 5 ,C a and C w are as described in (F) above (i.e., oxygenated at 
the Q 5 position) may be prepared by the following procedures. 

10 The desired Formula (XIV) compound can be obtained by protection (as 

denoted by P) of the alcohol function in diosgenln pail) followed by hydroboration f 
the olefin. Typically, the alcohol is protected as an ethoxymethyl ether by reaction 
of diosgenin with ethoxymethyl chloride and diisopropylethyl amine in an anhydrous 
solvent such as methylene chloride at ambient temperature for about 2 hours to 6 

15 hours. The hydroboration is performed by reaction of the compound prepared 
above with borane-tetrahydrofuran complex In a reaction-Inert solvent such as 
tetrahydrofuran at ambient temperature for about 1 hour to about 6 hours. 

The desired Formula XV compound can be prepared by oxidation of the 
appropriate Formula XIV compound followed by removal of the alcohol protecting 

20 group. Generally, the oxidation is performed by reaction of the Formula XIV 
compound with pyridinium chlorochromate in an anhydrous solvent such as 
methylene chloride at ambient temperature for about 2 hours to about 8 hours. Th 
removal of the alcohol protecting group can be accomplished by reaction of the 
oxidized product prepared above with concentrated hydrochloric add in a mixed 

25 solvent containing methanol and tetrahydrofuran at a temperature of about 40°C to 
about 65°C for about 5 minutes to about 1 hour. 

The desired Formula IA compound as described in (F) above wherein Q* is 
carbonyl may then be prepared from the appropriate Formula XV compound by a 
zinc fluoride catalyzed coupling reaction followed by deacetylation using sodium 

30 methoxide as described previously. Those compounds where in Q* contain a 
hydroxy group may be prepared in an analogous manner with the addition of 
reduction prior to deacetylation. Typically the reduction is performed by reaction 
with sodium borohydride in a mixed solvent of ethanol and dichloromethane at 
ambient temperature for about 1 hour to about 6 hours. 
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The comp unds of Formula I which have been obtained and have 
asymmetri carbon at ms can be separated int their diastereomers on the basis of 
5 their physical chemical differences by methods known ger se., for example, by 
chromatography and/or fractional crystallization. 

The compounds of this invention where the sugar is B-D-glucopyranuronosyl 
are acidic and they form base salts. All such base salts are within the scope of this 
invention and they can be prepared by conventional methods. For example, they 
10 can be prepared simply by contacting the acidic and basic entities, usually in a 
stoichiometric ratio, in either an aqueous, non-aqueous or partially aqueous 
medium, as appropriate. The salts are recovered either by filtration, by precipitation 
with a non-solvent followed by filtration, by evaporation of the solvent, or, in the case 
of aqueous solutions, by lyophilization, as appropriate. 
15 In addition, many of the compounds of this invention may be isolated as 

hydrates. 

The compounds of this invention are potent inhibitors of cholesterol 

absorption and thus are all adapted to therapeutic use as hypercholesterolemia 

controlling agents in mammals, particularly humans. Since hypercholesterolemia is 
20 closely related to the development of generalized cardiovascular, cerebral vascular 

or peripheral vascular disorders, secondarily these compounds prevent the 

development of atherosclerosis particularly arteriosclerosis. 

The hypercholesterolemia controlling activity of these compounds may be 

demonstrated by methods based on standard procedures. For example, the in vivo 
25 activity of these compounds in inhibiting Intestinal absorption of cholesterol may be 

determined by the procedure of Melchoir and Harwell (J. Lipid Res., 1985, 26, 306- 

316). 

Activity can be determined by the amount of hypocholesterolemic agent that 
reduces the cholesterol absorption, relative to the control, in male golden Syrian 

30 hamsters. Mate golden Syrian hamsters are administered either a cholesterol-free 
diet (control animals) or a diet supplemented with 1% cholesterol and 0.5% cholic 
acid for 4 days. The following day the animals are fasted for 18 hours, then 
administered a 1.5 ml oral bolus of water containing 025% methylcellulose, 0.6% 
Tween 80 and 10% ethanol (control animals) or an oral bolus that contains, in 

35 addition, the desired concentration of the comp und to be tested. Immediately 
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following bolus administration, the animals receive a second 1 .5 ml oral bolus of 
liquid hamster diet containing 1% [ 3 HJ cholesterol (2.0//Ci/animal; 210 dpm/nmol) 
5 and 0.5% cholic add, and are fasted for an additional 24 hours. At the end of this 
second fasting period animals are sacrificed livers are excised, saponified and 
allquots are decolorized by addition of hydrogen peroxide, and assessed for 
radioactivity. Total hepatic radioactivity is calculated based on measured liver 
weights. The degree of cholesterol absorption is expressed as a percentage of the 

10 total radioactivity administered as an oral bolus that is present in the liver 24 hours 
following bolus administration. 

Anti-atherosclerosis effects of the compounds can be determined by the 
amount of agent that reduces the lipid deposition in the rabbit aorta. Male New 
Zealand white rabbits are fed a diet containing 0.4% cholesterol and 5% peanut oil 

15 for 1 week (meal-fed once a day). After 1 week, the rabbits are dosed daily with the 
desired concentration of the compound to be tested. After 8.5 weeks, drug 
treatment is discontinued and the animals are maintained on the cholesterol 
containing diet for an additional 2 weeks and then switched to a cholesterol free diet 
for 5 weeks. The animals are sacrificed, and the aortas removed from the thoracic 

20 arch to the branch of the Hiacs. The aortas are cleaned of adventitia, opened 
longitudinally and then stained with Sudan IV as described by Holman et ai. (Lab. 
Invet. 1958, 7, 42-47). The percent of the surface area stained is quantitated by 
densitometry using an Optimas Image Analyzing System (Image Processing 
Systems). Reduced lipid deposition is indicated by a reduction in the percent 

25 surface area stained in the drug treated group in comparison with the control 
rabbits. 

Administration of the compounds of this invention can be via any method 
which delivers the compounds to the intestinal lumen. These methods include oral 
routes, intraduodenal routes etc. 
30 The amount of steroidal glycoside administered will, of course, be dependent 

on the subject being treated, on the severity of the affliction, on the manner of 
administration and on the judgement of the prescribing physician. However, an 
effective dosage is in the range of 0.71 to 200 mg/kg/day, preferably 2 to 50 
mg/kg/day f most preferably 2 to 7 mg/kg/day. For an average 70 kg human, this 
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would amount t 0.05 t 14 g/day, preferably 0.14 to 3.5 g/day, most preferably 0.14 
to 0.5 g/day. 

5 For oral administration, which is preferred, a pharmaceutical composition can 

take the form of solutions, suspensions, tablets, pills, capsules, powders, sustained 
release formulations and the like. 

Depending on the intended mode of administration, the pharmaceutical 
compositions may be in the form of solid, semi-solid or liquid dosage forms, such 

10 as, for example, tablets, pills, capsules, powders, liquids, suspensions, or the like, 
preferably in unit dosage forms suitable for single administration of precise dosages. 
The pharmaceutical compositions will include a conventional pharmaceutical carrier 
or excipient and a compound according to the invention as an active ingredient In 
addition, it may include other medicinal or pharmaceutical agents, carriers, 

15 adjuvants, etc, 

Pharmaceutical compositions according to the invention may contain 0.1%- 
95% of the compound, preferably 1%-70%. In any event, the composition or r: 
formulation to be administered will contain a quantity of a compound according to 
the invention in an amount effective to alleviate the signs of the subject being 

20 treated, i.e., hypercholesterolemia or atherosclerosis. 

For solid pharmaceutical compositions, conventional non-toxic solid carriers 
include, for example, pharmaceutical grades of mannitol, lactose, starch, 
magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, 
magnesium carbonate, and the like. 

25 Liquid pharmaceutical^ administrate compositions can be prepared by 

dissolving or dispersing, or otherwise preparing a compound according to this 
invention and mixing it optionally with a pharmaceutical adjuvant in a carrier, such 
as, for example, water, saline, aqueous dextrose, glycerol, ethanol, and the like, to 
thereby form a solution or suspension. 

30 Methods of preparing various pharmaceutical compositions with a certain 

amount of active ingredient are known, or will be apparent, to those skilled in this 
art. For examples, see Remington's Pharmaceutical Sciences., Mack Publishing 
Company, Easter, Pa., 15th Edition (1975). 
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Example 1 

r3B.5g.120.25m^B-D-Q alactQ5vt^oxvl-12-hvdroxvspiro^flne 
5 REDUCTION OF KETONES 

To a room temperature solution of (3B,5o,25R)-3-l(B-D-galactosyl)oxy]- 
spirostan-12-one (1.33 g. 2.24 mmol; obtained via deacetylation of (3B,5a, 25R)-3- 
[(tetraacetyl-6-D-gaiactosyl)oxy]spirostan-12-one (preparation B2) according to the 
procedure described in Example 3), ethanol (130 mL) and chloroform (260 mL) was 
10 added a solution of sodium borohydride (0.51 g, 13.4 mmol) and ethanol(50 mL). 
After stirring for 4 hours, methanol (200 mL) was added and stirring was resumed for 
2 hours. The reaction mixture was concentrated jn vacuo to give 3.38 g of crude 
product. Recrystailization from a mixture of methanol (80 mL) and water (8 mL), 
followed by washing with cold methanol (20 mL) and drying gave 1 .33 g 
15 (quantitative yield) of the title compounds. MS: 595 (M+H). 

MP: >2O0°C. High resolution FAB MS (m/e): calc. for 0,^0,: 595.3846, found: 
595.3861 

The title compound was prepared from the appropriate starting material in an 
analogous manner using the procedure of Example 1. 
20 Example 2 

f3B.6g.12B^6RV^rfB-0^obic8vn oxvl-12-hvdroxvspirostane 
ni«D. M.S. 

>200°C 757(M+H) FAB HRMS (m/e): calc. for C^H^O,, Na: 779.4194 
25 779(M+Na) found: 779.4250 

Example 3 

KB. Ba 2SRV3.fffi^ce||oblosvltoxv1sDirostan.11.ona 

30 A mixture of (38,5o,25R)^[(heptaa<»tyl-B-r>cen 1 -one (6.57 g, 

6.26 mmol), sodium methoxlde (68 mg, 1.25 mmol), methanol (36 mL) and 
tetrahydrofuran (75 mL) was heated to reflux for 1 hour, followed by stirring at room 
temperature for 12 hours. A white precipitate formed within 30 minutes. The final 
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suspension was concentrated !q vacuo to give 6.0 g of crude product. This material 
was purified by flash chromatography (eluent: chloroform followed by 8:2 
5 chloroform:methanol) to give 2.71 g (57% yield) of the title compound. 

'H NMR (DMSO-d 6 ) 6 : 5.22 (d f J= 5Hz t 1H); 5.00 (m, 3H); 4.64 (s, 1H); 
4.58 (t, J= 5 Hz, 1H); 4.54 (t. J= 6Hz, 1H); 4.34 (q, J« 8 Hz, 1H); 4.27 (d t 
J= 8Hz, 1H); 4.23 (d, J= 8 Hz, 1H); 3.68 - 2.94 (m, 15 H); 2.34 (m, 2H); 2.08 
- 0.81 (m t 23H); 0.92 (s, 3H); 0.86 (d, J « 7 Hz, 3H); 0.72 (d f J = 6 Hz, 3H); 
10 0.59 (s, 3H). DEPT ,3 C NMR (DMSO-d fl ) 6 : 210.4 (s), 108.8 (s), 103.6 (d), 

100.6 (d), 81.1 (d), 80.6 (d) f 77.2 (d), 76.9 (d), 76.5 (d), 75.5 (d), 75.1 (d), 
73.7 (d), 73.6 (d), 70.5 (d), 66.4 (t), 63.5 (d), 61.5 (t), 60.9 (t), 50.5 (d), 57.1 
(t), 54.7 (d), 44.3 (s), 44.1 (d), 41.7 (d), 36.8 (d), 35.6 (t) t 35.2 (s), 34.0 (t) ( 
32.6 (t) f 31.3 (s), 30.2 (d) f 29.2 (t), 28.9 (t), 28.2 (t), 17.5 (q) f 17.3 (q), 14.8 
15 (q), 12.3 (q). IR (KBr): 3407 (s), 1700 (m) cm 1 . High resolution FAB MS 

(m/e): calculated for C w H fl2 O u Na 777.4037, found 777.4108. Analysis: caic. 
for C^HeaO^^HjO, C 59.22 H 8.41 ; found C 59.48, H 8.48. MP: >300°C. 
A monohydrate crystalline form of the above titled product was prepared as 
follows: 

20 A mixture of 20 g of the crude product prepared according to the above 

procedure, 600 ml of n-propanol, and 400 ml of water was stirred and heated to 
reflux. To the resulting solution was charged 2.0 g of diatomaceous earth. While 
still at reflux the insolubles were removed by filtration. The filtrate was 
atmospherically distilled to a total volume of 600 ml and cooled to ambient 

25 temperature. The resulting suspension was granulated for one hour and the product 
was collected by filtration. The undried recrystalHzed cake from the above 
recrystaliization was suspended in 500 ml of methanol. This suspension was heated 
to reflux for 16 hours, cooled to ambient temperature, granulated for 48 hours, and 
isolated by filtration. Vacuum drying yielded 16.1 g (81% recovery) of the crystal 

30 monohydrate of the Example 3 titled compound. 

Examples 447 

The following compounds were prepared from the appropriate starting 
material in an analogous manner using the above procedures. 
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Example# Compound Name 

m.p. M.S. formula elemental analysis 



4.) (3B.So.25R)-3-ffS-D-cellobiosvt^oxv1sDirostan-12-one 

>200°C 755 (M+H) C M H 9J O u calc. C 59.22; H 8.41 
777 (M+Na) -2H,0 found C 59.54; H 8.64 

6.) (3g.5g.25R)-3-ffB-D-cellobio8vHoxvl3oirostane 

>300°C 741 (M+H) CmH^O,, calc. C 62.46; H 8.74 

•0.5H,0 found C 62.31 ;H 8.36 

6. ) f3B.5B.25R)-3-f(B»l>cellobiosv0oxv1spirostane 

>300°C 741 (M+H) C„H M 0,3 calc. C 61 .72; H 8.77 

•H 2 0 found C 61 .76; H 9.04 

7. ) f38.5g.25R^-3-ffB-D^lucuronosv1^QXv1sDirostane 

>200°C 615 (M+Na) FAB HRMS (m/e): calc. for C„H B1 0,Na, 637.3278 
637 (M+2Na) found 637.3329 



20 8.) /3B.S<r.2SRV3-ffB-D-alucosvttoxvl8Pirostatv12^ne 

>200°C 593 (M+H) C M H 8J 0 9 calc. C 64.89; H 8.91 
615 (M+Na) -H,0 found C 64.46; H 8.62 



9. ) f3B.5g.25R)-3-r(B-Q-oalactosvnoxvlsDirostan-1 1 -one 

25 >200'C 593 (M+H) C u H,,O s calc. C 65.38; H 8.89 

615 (M+Na) -0.75 H,0 found C 65.34; H 8.63 

10. ) f3B.6B.25S1^.ffB>J>ceHoblosvl^oxvl8Pirostane 



15 



30 



>250°C 741 (M+H) CjgH^O,, calc. C 60.99; H 8.85 

•1.5 H,0 found C 60.69; H 8.90 

11.) f3B.Sq.25RV3^ffB-DK»lloblos^tow1emoxv^3Dlrostaf>e 

>250°C 785(M+H) Q,,r^0 M calc. C 60.65; H 8.81 

•1.5 H,0 found C 60.53; H 8.97 
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Example# Compound Nam 

m.p. M.S. formula elemental analysis 

5 ssssassssssss = ssss = ss = sss = sassssssssss = 

12.) f3fl.Sg.26Rt-3-frfB-D-oaJaetoDvranosvl^oxv1ethexv)spirostane 

225°C 623(M+H) C, B H5,0 9 caJc. C 65.14; H 9.45 

(dec) -1.25 HjO found C 65.39; H 9.61 

1Q 13.) f3fl.5g.2SR^-3-ffB-r>maltosvl^oxvlsDirostane 

230°C 741 (M+H) C^H^O^ caJc. C 60.30; H 8.82 

(dec) -2 H,0 found C 60.64; H 8.84 

14. ) f3B.5g.25R)-3-f(B-CMactosv»oxv1SDlrostane 

>260°C 741(M+H) C M H M 0„ calc. C 63.22; H 8.71 
15 found C6296; H8.65 

15. ) (3B,Sg,25R)-3-f(B-IMactosYl)oxYlspirostan-12-one 

>260°C 755(M+H) . C M H M 0,* calc. C 61.31; H 8.31 

•0.6 H,0 found C 61 .02; H 8.45 

2o 16.) f3B.5g.2SRV^ffB-D-2-acetamldo-2-deoxvolucopvrano8yltoxy1' 



25 



210-212°C 620(M+H) C n H„O u calc. C 65.91; H 9.32; 

N 2.20 

•1.0 H,0 found C 66.07; H 9.55; 

N2.26 

17. ) (3g,5g,26R)-3-f(BH>qerrtioblosYl)oxYlspirostane 

265»C 741 (M+H) C^O,, calc. C 61 .72; H 8.77 

(dec) -1.0H,0 found C 61.71 ; H 8.96 

18. ) f3B.6g^SR\-3-rfeM--arabanoDvranosvl)oxv1sDirostane 

>200°C 649(M+H) CjjHbjO, calc. C 68.36; H 9.59 
30 0.75 H,0 found C 68.30; H 9.64 

19. ) (3B.Sg.26RV-3-ffg-I>arabanopvranosv1^oxv1splrostane 

>200«C 549(M+H) 0^0, calc. C 66.73; H 9.65 

•2.0 H,0 found C 65.54; H 9.25 
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Example# Compound Name 

m.p. M.S. formula elemental analysis 

20. ) (3B.6g.2SRV3-f(B-L-xvtoDvnMW9vltoxv1sDirostane 

>230«C 549(M+H) Cs^O, caJc. C 68.91; H 9.58 

•0.5 H 2 0 found C 68.52; H 9.36 

21. ) f3B.Sa.2SRV-3»f(B»L«fueoDvranosyl)oxv1sDlrostane 

>230°C 561 (M+H) C 13 H (S4 0 7 caJc. C 68.25; H 9.72 

•1.0H,O found C 68.62; H 9.53 

22. ) (3B.5g.25RV3-r(B-D-x\riODranosvnoxv1sDlrostane 

15 >220°C 549(M+H) 0,^,0, calc. C 66.23; H 9.64 

•1.75 H 2 0 found C 66.32; H 9.31 

23. ) (3P.Sg.25R)-3-r(B-D-fucoDvranosvnoxv1sDirostane 



10 



20 



25 



>220»C 563{M+H) C^O, calc. C 69.32; H 9.69 

•0.5H,0 found C 69.32; H 9.78 

24. ) (3B.5g.25R)-3-ffB-D-oalactoPvranosvltoxv1sDirostane 

>200°C 579(M+H) C^H^O, calc. C 66.12; H 9.47 

•1.25 H a O found C 66.46; H 9.26 

25. ) (3B.5g.25RV3-K3-0-B-D-gaJactaDvranosvn-<^ 
arabanopyranosvltoxvlsDlrostana 

>200»C 579(M+H) C^HaAj calc. C 62.64; H 8.78 

•1 HjO found C 62.93; H 8.66 

26. ) f3B.&r.28SV3-rfB.D^alaetoowanosvltoxv1soirostane 

>200°C 679(M+H) C^H^O, calc. C 64.51 ;H 9.44 
30 -2 H 2 0 found C 64.69; H 9.41 

27. ) f3B.6fl^6RVa.fto^ceHobiosvnoxv1solrostan.1 1 -one 

290-292° C 777(M+Na) FAB HRMS (m/e): calc. for C„H M O u 755.4218 

found 755.4163 
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10 



15 



Example# Compound Name 

m.p. M.S. formula elemental analysis 



28. ) (3R.Sa. 1 2B.2SRl-3-r(B-D-cellobiosvnoxv1-1 2-hvdroxvspirostane- 
11 -one 

>200«C 771(M+H) C m H m O,b caJc. C 60.76; H 8.10 
793(M+Na) -H 2 0 found C 61 .76; H 8.88 

29. ) f3B.&r.1 1g.25m-3-ffB-D^elloblosvl^oxv1-1 1-hvdroxvsplrostane 

>210°C 779(M+Na) FAB HRMS (m/e): caJc. for 0^0,4 Na 779.4194 

found 779.4138 

30. ) (3B.Sg.1 1 B.2SRy-3.ffB-D-celloblosvnoxvM 1-hvdroxvsplrostane 

>210°C 779(M+Na) C M H M 0 14 calc. C 60.45; H 8.28 

•H ,0 found C 60.41 ; H 8.58 

31. ) f3B.Sg.2SRVO-ffB.PKilueoDvrano8v!^oxv1sDlrostan-1 1 -one 

293-296"C 693(M+H) C„H„0, calc. C 64.89; H 8.91 

•2 H,0 found C 64.48; H 8.85 

32. ) f3B.6i>.11B.12B^-3.ffB-[>cellobios^oxvV11.12- 

dlftwdroxvtepirostane 

>230°C 773(M+H) 0^0,5 calc. C 57.91; H 8.47 

•2 H,0 found C 57.87; H 8.41 

25 33.) f3B.&f.1 1 g .12B.25 RV3-ffB-D<enobl08VltoxvM 1 .12- 

<^|ftlYdroxY)splro5tane 

>230°C 773(M+H) C M H M 0 )8 calc C 5922; H 8.41 

•1H,0 found C 5927; H 8.32 



20 



30 



34.) f3B.Sg.12g.25R1-3.ffB-t>cellob losvl^oxv1-12-hvdroxv8Direstane 

>230°C 767(M+Na) C^H^Ou calc. C 57.76; H 8.70 

•3H 2 0 found C 57.56; H 8.61 
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Example# C mp und Name 

m.p. M.S. formula elemental analysis 

5 Bsssssesoosssssomsassssssssssssssssases 

35.) (3B.5g.2SRV3-ffB-D-laetosv»oxvlsDlrostan-1 1 -one 

>270»C 755(M+H) C M H M 0,« caJc. C 62.05; H 8.28 

found C 61 .88; H 8.14 

1Q 36.) (3B.Sg.1 1 g.1 2 g .2SRW3.ffB.D^ e il oblosv<^oxv1.1 1.12- 

dt(hydroxY)spirostane 

287-288«C 795(M+H) FAB HRMS (m/e): calc. for C w Ha«0, B Na 795.4143 

found 795.4164 



15 



20 



25 



30 



37. ) f3B.5g.1 1o.25R^ffB.&cellobiosvl^oxv1»1 1-hvdroxvsolrostan. 

12-one 

>300»C 771 (M+H) C M H„0 18 calc. C 57.41 ;H 8.28 
793(M+Na) -2.5H 2 0 found C 57.38; H 7.90 

38. ) f3B.Sg.2SR^ffB.|>celloblos^oxv1SDlrostan.1 1 .12-dlone 

244-246° C 769(M+H) C W J»J0 W calc. C 55.70; H 8.15 
791(M+Na) 4H 2 0 found C 65.93; H 7.99 

39. ) KB.&M 1 B.12 g .25RV3.frB.r>cello biosvl^oxvM 1 .12. 

dlmvdroxvlsDlrostane 

>228-229«C 773(M+H) FAB HRMS (m/e): calc. for C^H^O^Na 795.41429 
796(M+Na) found 795.4164 



40.) f3B.6a.12g.2SRV3.ffB^>celloblosvnoxv1.12.hvdroxvsolrostan. 
VNone 

>230°C 771 (M+H) 0^0,6 calc. C 66.78; H 8.31 
793(M+Na) «3H,0 found C 66.97; H 7.80 



41.) (38.6a.12B. 25R^r(B-Mactosvnoxv1-1 2-hvdroxvs P lrostan-1 1-one 

>275*C 771 (M+H) C tt H ej 0 18 calc. C 60.06; H 8.14 

O.5H 2 0 found C 59.92; H 7.89 
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Example* Compound Name 

m.p. M.S. formula elemental analysis 

42. ) (3B.5g.25ffl-3-r(B-D-maltotriosvl)oxv1sDlrostan-1 1 -one 

>230°C 939(M+Na) Cj,H 9 ,0, s caic. C 54.15; H 8.17 

4.5H,0 found C 54.08; H 7.84 

43. ) f3B.Sg.25m-3-ffB-D-maltosvfto)(v1splrostan-1 1 -one 

>280°C 755(M+H) C M H„O u calc. C 59.22; H 8.41 

•2H,0 found C 59.38; H 8.13 

44. ) rig.3B.&r.26RW3.rfB-r>eelloblos^oxv1.1^vdroxvspirostane 

15 >280°C 757(M+H) C^H^Ou calc. C 60.45; H 8.58 

+1,0 found C 60.30; H 8.21 

45. ) f3B.5g.25R>-3-ffB.D^IIobiosv»oxvlspirostan-1-one 

>250°C 755(M+H) C M H,j0 14 calc. C 60.32; H 8.36 
2Q -1.2H,0 found C 60.24; H 8.13 

46. ) f3B.5<T.25RV3-ffB-0-celloblosv»oxv1splrostan-6-one 

>200°C 754(M+H) FAB HMRS (m/e): calc. for C J8 H a ,0 u 755.4286 

found 755.4219 



25 



47.) f3a.Sg.6a.2SRV3.ffB^Vcelloblosvl^oxv1^-hvdroxvspirostane 

>250»C 756(M+H) C^H^Ou calc. C 59.12; H 8.65 

•2H,0 found C 59.23; H 8.46 



Example 48 

30 (38.Sfl.1 1 B.25RV-3-f(B»0-ceHobloavnoxv1-1 1 -hvdroxvspirostan-1 2-one 



35 



Based on the procedure described in Synthesis. 1973, 790, (3B,5a,118,25R)- 
3-[(heptaacetyl-8-D<elloW (240 mg, 0.225 mmol) was 

dissolved in methanol (20 mL) and tetrahydrofuran (10 mL). To this solution was 
added a soluti n of potassium cyanide (146 mL, 2.25 mm I) in water (0.1 mL) and 
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methanol (5 mL). The resulting mixture was heated to 80 C for four hours. After 
cooling, the mixtur was concentrated to dryness and purified by flash 
5 chromatography (9:1 chlorofomrmethanol eluent) to give the title compound. Mp 
245-247 °C. MS (m/e): 771 (P+1), 793 (P+Na). Analysis: calc for 
C M H M 0, 8 <3H,0, C 56.70, H 8.31; found, C 56.97, H 7.80. 

Preparation A1 

10 f3B.Sg.2SRV^ffH6Dtaaeet> ^D<ellobiosvltoxv1soirostan-11^)ne 

ANOMERIZATION 
Hydrobromic acid (30% in acetic add, 1.2 mL) was added to a room 
temperature solution of (38, 5a, 25R)-3-[(heptaacetyl-8-D-celloblosyl)-oxy]splrostan- 
11 -one (2.0 g) in methylene chloride (35 mL) and the resulting mixture was stirred at 
15 room temperature for 94 hours. The reaction was quenched by slow addition of 
saturated aqueous sodium bicarbonate (20 mL). The organic layer was separated, 
dried over magnesium sulfate, and dried la vacuo to give 1 .637 g of a black solid. 
Purification by repeated flash chromatography (1:1 hexane:ethyi acetate eluent) 
provided 651 mg (33% yield) of the title compound. 
20 'H NMR (CDCI,) 6 : 5.41 (t, J = 10 Hz, 1H); 509 (complex, 3H); 4.91 

(t J - 8 Hz, 1H); 4.69 (dd, J a 4 & 10 Hz, 1H); 4.49 (complex, 3H); 
4.36 (dd, J a 4 & 13 Hz, 1H); 3.99 (m, 3H); 3.67 (m, 2H); 3.40 (m, 
3H);2.45 (m, 1H); 2.22 (s, 2H); 2.11 (s, 3H); 2.07 (s, 3H); 2.03 (s, 6H); 
2.00 (s. 3H); 1.99 (s, 3H); 1.97 (s, 3H); 2.00 - 0.80 (m, 22H); 1.02 (s, 
25 3H); 0.92 (d, J - 7 Hz, 3H); 0.77 (d, J = 7 Hz, 3H); 0.69 (s, 3H). 

DEPT '*C NMR (CDCI,) 6 : 210.0 (s), 170.6 (s), 170.3 (s), 170.2 (s), 
169.6 (s). 169.3 (s). 169.1 (s), 109.2 (s), 100.9 (d). 94.3 (d), 80.6 (d). 
78.0 (d), 77.0 (d), 73.1 (d), 71.9 (d), 71.8 (d), 71.2 (d), 69.6 (d), 68.1 
(d), 67.8 (d), 66.9 (d), 64.4 (d), 62.0 (t), 61.5 (t), 60.7 (d), 57.6 (t), 65.7 
30 (d), 46.0 (d), 44.3 (s), 41 .8 (d), 36.9 (d), 35.6 (t), 35.4 (t), 35.1 (s), 32.7 

(t). 31.3 (t), 31.2 (t). 30.2 (d). 28.7 (t), 28.0 (t), 27.4 (t), 20.9 (q), 20.7 
(q), 20.6 (q), 20.5 (q), 17.1 (q), 17.0 (q), 14.2 (q), 12.1 (q). IR (Kbr): 
1751 (s), 1706 (m) cm 1 . MS (m/e): 1049 (M+H), 1071 (M + Na). 
Analysis: calc. for ^H^OV^O, C 59.65 H 7.37; found C 59.66 H 
35 7.00. MP: 248-249»C. 
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Preparation B1 

f3B.Sa.2SR^-3-f/Hepta aceM-B-[>cellobiosvl^Qxv1sDirostane-1 1 -one 

5 

ZINC FLUORIDE PROMOTED COUPLING OF FREE SPIROSTANE 

A suspension of (36,5a,25R)-3-hydroxyspirostan-11-one (3.0 g, 6.97 mmol) 
and anhydrous zinc fluoride (2.88 g, 27.9 mmol) in dry acetonitriie (175 mL) was 
dried by removal of 75 mL of acetonitriie by distillation. The suspension was 
10 allowed to cool, heptaacetyi-6-D-celtobiosvl bromide (9.75 g, 13.9 mmol) was added 
and the resulting suspension was heated to 65° C for 3 hours. After cooling to room 
temperature, methylene chloride (150 mL) was added, the suspension was stirred 
for 10 minutes and filtered. The filtrate was concentrated in vacuo to give 10 g of 
crude product. This material was dissolved in 8:2 chiorofomrmethanol, 
1 5 preadsorbed on silica gel and purified by flash chromatography (eluent 1:1 ethyl 
acetate:hexane followed by pure ethyl acetate) to give 6.81 g (93% yield) of the title 
material. r 

'H NMR (CDCy 6 : 6:11 (complex, 2 H); 5.04 (t, J - 9 Hz, 1H); 4.90 
(t, J = 9 Hz, 1H); 4.83 (t, J = 8 Hz, 1H); 4.49 (complex, 4H); 4.34 (dd, 
20 J ■ 4.5 & 12.5 Hz, 1H); 4.04 (t, J - 13 Hz, 1H); 4.03 (t, J ■ 11 Hz, 

1H); 3.72 (t, J = 9.5 Hz, 1H); 3.65 (m, 1H); 3.56 (m, 1H); 3.45 (m, 
1H); 2.47 (m, 1H); 232 (s, 2H); 2.08 (s, 3H); 2.06 (s, 3H); 2.00 (s, 
6H); 1.99 (s, 6H); 1.96 (s, 3H); 2.00 - 1.00 (m, 22H); 0.98 (s, 3H); 0.92 
(d, J = 7 Hz, 3H); 0.77 (d, J - 7 Hz, 3H); 0.68 (s, 3H). DEFT 13 C 
25 NMR (CDCLJ 6 : 209.9 (s), 170.5 (s), 170.3 (s). 170.2 (s), 169.9 (s), 

169.8 (8), 169.5 (s), 169.3 (s), 169.0 (s), 109.2 (s), 100.8 (d), 99.4 (d), 
90.0 (s), 80.6 (d), 79.4 (d), 76.6 (d), 75.3 (s), 72.9 (d), 72.6 (d), 72.6 
(d), 71.9 (d), 71.8 (d), 71.6 (d), 67.8 (s), 66.9 (t), 64.4 (d), 62.1 (t). 
61.5 (t). 60.8 (s), 60.7 (d), 57.6 (t), 55.7 (d), 44.8 (d), 44.3 (s), 41.8 (d), 
30 36.9 (d), 35.6 (t), 35.2 (s), 34.1 (t). 32.7 (t), 31 .3 (t). 31 2 (t), 30.2 (d), 

29.0 (t). 28.7 (t), 28.0 (t), 20.9 (q), 20.7 (q), 20.6 (q), 20.5 (q), 20.5 (q), 

17.1 (q), 17.0 (q), 142 (q), 12.0 (q). IR (KBr): 1756 (s), 1706 (m) cm" 
\ MS(m/e): 1049 (M+H). Analysis: caic. for CuHTaO^-^O. C 
69.65, H 7.37; found C 59.86, H 7.25. MP: 210-212°C. 
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In an analogous mann r th f II wing comp unds, Preparati n B2-B31, were 
prepared from the appropriat starting material using th above general procedure. 
5 Preparation B2 

(3B.5g.25ro^fftetraaceM^-D^^ 

Preparation B3 
f3g.5a.25R)-3-ffheptaacetvl-8-D-ceHobiosv»oxvlspirostane 
Preparation B4 

10 (3B.5S.25Rl-3»ffheptaacetvl'B>D-cellobiosv»oxv1splrostane 

Preparation BS 

(3B.5o.25R^rftriacetvl-B-^lucuronosvt)oxv1spirostane methyl ester 

Preparation B6 
(3S.5q.25R}^fftetraacetvt^D<ilu 
15 Preparation B7 

(3B.Sa.2SR^r(tetraaceM^^ 1 -one 

Preparation B8 
(3B.5a.25SmmeptaacetvH3-^ 
Preparation BS 
20 (3S.5g.25Ry^(rfheptaacetvl^^ 

Preparation B10 
(3B.5g.25R^fftetraacetvl^-D^ 

Preparation B11 
(3B.Sg.25RV^rmeotaacetvl-^D-lactosvl)oxv1splrostane 
25 Preparation B12 

f3B.5a t 25RV^ffheptaaceM^Mactosvi)oxv1spirostane"12-one 

Preparation B13 
f38.5g.25RV^fftriacetvt^^-arabanoDvranosvl 
Preparation B14 

Preparation B15 

Preparation B16 
f3B.6g.25RV-3-rftrla etvl-B-L-fucopvranosvOoxvlsplrostane 
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Preparation B17 
f3Q.Sg.25R^-3-fftriacetv<»B-D-xvtopvranosv<)oxv1spirostane 

Preparation B18 
(3B.5q.25ffl-3»f(tr1acetvl-6»D-fucopvranosv<)oxv1spjrostane 

Preparation B19 
(9B.5^,25R)-3-fftetrMcetY<-^r>qalactopYranosYl)oxYlspirostane 

Preparation B20 

f38.5g.25RV^f(hexaaceM-3-0-8-r><ialadopvranosvl-g-^^ 

spirostane 



Preparation B21 

f3B.5g.25S)-3-fftetraacetvt-fl-D-aalactopvranosv»oxv1spirostane 
Preparation &2Z 
f3B.Sg.12B.25RKirfoeptaacetvNir>ceH 

Preparation B23 

r3B.Sii.11g.2SR^rmeptaa(^^D-celloblosvl^oxv1-11-hvdroxv8Pirostane 

Preparaljpn B24 

(3B.Sg.1 1B.25RV-3-rfheptaacetvl-B-D-ce[lobiosv»oxvM 1-hvdroxvspirostane 

Preparation B25 

(3B.5g.25RV3-rftetraacet^D^lucopvnviosvl)oxv1spirostan-11-one 

2g Preparation B26 

(36.&T.1 1B.1 2B.25RV3.ffheptaaeetv^B-D^elloblos^oxv1.1 1 .12. 
dtfhvdroxvtepirostane 

Preparation B27 

f3B.5g.1 1g.12B.2SRV^r(heptaac etvl-B-t>celloblosvitoxv1.1 1 .12- 
30 dHhvdroxvtePlrostane 

Preparation B28 

f3B.6g.12g.25RV-3.fheptaaeetvl-B-D-cellobiosvltoxv1» 
1 2-hvdroxvspirostane 

35 
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15 



Preparation B29 
f3B.Sg.25RV-3-f(heptaacetvl-B»D-<actosv<>oxv1sDirostan-1 1 -one 
Preparation B30 

f3B.5q,25R^-3-f(heptaacetvl-6-D-cellobiosvl)oxvlspirostan-12-on9 

Preparation B31 

f3B.Sg.1 1a.12g.25RV3-fftiePtaaeetvl-B-D-cellobiosvl^oxv1-1 1.12- 
dihYdroxYspirostane 



Preparation B32 

f3B.&r.1 1 tf .25R^rrheptaacetvl^-r>eelloblosv»oxv1.1 1. 
hvdroxvspirostan-1 2-one 

Preparation B33 

f3B.5a.25RV-3»ffheptaacetvl-B-D-eeHobiosvnoxv1spirostan»1 1 .12-dione 

Preparation B34 

20 KB.So.l 1B .12ir.25RV3.rfheptaaceM 4i.r>cellobios vltoxvM 1 .1 2- 

4l(tiYtirPXY)?pirostane 

Preparation B35 

(3B.5g.12g.25RV3-ffB-D-ceilobiosvnoxv1-12-hvdroxvspirostan-11-one 

Preparation B36 

25 

f3B.5a.12B.25RV3-f(heptaacetvl-6-D-lactosv»oxv1-1 2-hvdroxvspirostan-1 1 -one 

Preparation B37 

f3B.Sg.2SRV^f(dodecaacetvMlD-mattot^ 1 -one 

30 Preparation B38 

(3B.5g.2SR^ffheptaaeetyi-B-r>rriaitosvl^oxvl3plrostan-1 1 -one 
Preparation B39 

1 1 g.3B.5o.25R^-3-f fheptaacetv1-6-D-cellobiosvl^oxv1-1 -hvdroxvspirostane 



35 
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Preparation B40 
f3B.Sg.25m-3-f(heDtaaeetvl.|?-l>cenQbiosvl^oxv1sDiro8tan^-ene 

5 

Preparation B41 
/3B.5<i.11B.25Rl-3-fmeptaacetvi-B-0-celloblosvnoxv^^^ 

Preparation C1 

0 

f3B.Sq.2SRV3-ff(heptaacgtvi-fl»r>laeto8vfioxv1spirostane 

MERCURIC BROMIDE/MERCURIC CYANIDE PROMOTED COUPUNG OF 

SILYLATEp SPIROSTANE 

Powdered 4A molecular sieves (1 g) were added to a solution of trimethylsilyl 
5 tigogenin (1.17 g, 2.4 mmol) and acetobromo lactose (3.36 g, 4.8 mmol) in CH,CI, 
(15 mL) and CH,CN (5 mL) at room temperature. After stirring for 15 minutes 
Hg(CN), (2.4 g. 9.6 mmol) and HgBr, (3.4 g, 9.6 mmol) were added and the mixture 
stirred at room temperature for three hours. The mixture was diluted with ethyl 
acetate (50 mL) and filtered. The filtrate was washed with 1 N HCI(3 x 30 mL) and 
iq brine (1 x 30 mL), dried (NajS0 4 ) filtered and concentrated jn vacuo . The product 
was purified by flash chromatography (10-20% EtOAc/CHjClj) to afford 400 mg 
product as a colorless solid. MS 489 (M+H)\ 

'H NMR (250 MHz. CDCI,) 6 5.35 (d. 1H, J = 1.0 Hz); 5.2 (dd, 1H, J = 4.6, 

4.6 Hz); 5.15 (dd, 1H, J « 6.0, 6.0 Hz); 4.95 (dd, 1H, J - 4.5, 1.0 Hz); 4.85 
g (dd, 1H, J = 6.0, 4.5 Hz); 4.56 (d, 1H. J = 6.0 Hz); 4.4 (m, 3H); 4.1 (m, 3H); 

3.86 (t, 1H, J = 3.0 Hz); 3.8 (t 1H, J = 4.6 Hz); 3.5 (m, 3H); 3.35 (t, 1H, J = 

5.0 Hz); 2.15 (s, 3H); 2.12 (s, 3H); 2.07 (s, 12H); 2.0 (s, 3H); 2.0 - 0.5 (m. 

27H); 0.98 (d, 3H, J » 4.0 Hz); 0.82 (s, 3H); 0.8 (d, 3H, J « 4.0 Hz); 0.73 (s, 

3H). 

iq In an analogous manner the following compounds, preparations C2-C4, wer 

prepared from the appropriate starting material using the above general procedure. 
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Pr paration C2 
f3a.5a.25R>.3^f(heDtaa ee M.B.D.maltosvltexvl.spirostane 
Preparation Q9 

f3B.5fl.25R^artriaaeeM-fl-D.2-aeetafrildo-2-deoxvalucoDvranosv1^oxv1- 

soirostane 

Preparation C4 

f3B.5q.25RV3-rfmeDtaacetvi-BO-aentlobiosvi>oxv1-SDirostane 
Preparation D1 
t3B.5q.25RV3-trimethvlstlvioxvspirostane 
SILYLATION OF SPIROSTANES 
Trimethyisilyi trifluoromethanesuHonate (4 mL, 22.1 mmol) was added 
dropwise to a solution of tigogenin (6 g, 14.4 mmol) and triethyt amine (6 mL, 46 
mmol) In CH 2 Cl a (50 mL) at 0°C. After 1 hour, the mixture was diluted with ether 
(100 mL) and washed with saturated NaHCO, solution (2 x SO mL) and brine (1 x 60 
mL), dried (NajSOJ filtered and concentrated jn vacuo . Upon addition of methanol, 
a precipitate formed which was filtered and washed with methanol and dried to 
afford 62 g product as a colorless solid. 

MP 197 -198 8 C. MS 489 (M + H)*. 'H NMR (250 MHz, CDCIJ 64.35 (q, 
1H, J m 3.0 Hz); 3.5 (m, 2H); 3.4 (t, 1H, J - 5.5 Hz); 2.<H>.6 (m, 27H); 1.0 (d, 
3H, J m 4.0 Hz); 0.85 (s, 3H); 0.8 (d, 3H. J = 4.0 Hz); 0.75 (s, 3H); 0.1 (s, 
9H). 

Preparation E1 
(3B,5g,25R)-3-(2»hYdroxYethoxY)-splrostane 
IAH PEPUCTIONS 
Lithium aluminum hydride (0285 g, 7.5 mmol) was added to a solution of 
tigogenln-O-acetic acid ethyl ester (2.5 g, 4.98 mmol) in THF (50 mL) at 0°C. After 
1 hour, the reaction was quenched by the sequential addition of H 3 0 (0285 mL), 
15% NaOH (0285 mL) and H,0 (0.85 mL). The mixture was diluted with ether (25 
mL) and dried with MgS0 4 , filtered and concentrated jn vacuo to afford 2.1 g 
product as a colorless solid. MP 207-208 °C. MS 461 (M+H)*. 

'H NMR (250 MHz. COCI,) 6 4.4 (q, 1H, J = 3.0 Hz); 3.7 (m. 2H); 3.6 (m, 
2H); 3.5 (m, 1H); 3.4 (t, 1H, J = 5.5 Hz); 3.3 (m, 1H); 2.0-0.5 (m, 28H). 1 .0 
(d, 3H, J = 4.0 Hz); 0.85 (s, 3H); 0.8 (d, 3H. J - 4.0 Hz); 0.75 (s, 3H). 
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Preparation F1 
((3B.5g.25R)»spirostan-3-vn-Q-acetic add ethvl ester 
5 fRh(OAcU T CATALYZED COUPUNGS 

Ethyl diazoacetate (5.5 ml_ 0.048 mol) dissolved in 30 mL of CH,CI 2 was 
added dropwise over 1 hour to a solution of tigogenin (10 g, 0.024 mol) and 
rhodium acetate dimer (250 mg) in CH,CI 2 (250 mL) at room temperature. Gas 
evolved throughout the addition and when the addition was complete the mixture 
10 stirred for an additional 1 hour. The mixture was diluted with hexanes (100 mL) and 
filtered through a plug of silica gel. The filtrate was concentrated in vacuo 
and upon addition of methanol to the residue, a precipitate formed which was 
filtered and washed with methanol and dried to afford 6.0 g product as a colorless 
solid. MP119-120 o C.MS503(M+H)*. 
15 'H NMR (250 MHz, CDCI 3 ) 6 4.35 (q, 1H, J = 3.0 Hz); 4.2 (m, 2H); 4.1 (s, 

2H); 3.4 (m, 3H); 2.0 - 0.6 (m, 30H); 0.96 (d, 3H, J = 4.0 Hz); 0.8 (s, 3H); 
0.75 (d. 3H, J = 4.0 Hz); 0.72 (s, 3H). 

Preparation G1 
f3B.6o.1 1 8.1 2g.26RVsolrostarv3.1 1 .1 2-triol 

20 

f3B.6g.1 1o. 26RVI 1 .23-dibromo-3-acetoxvsplrostan-1 2-one : The title compound was 
synthesized from (3B,5o,25R)-3-acetoxyspirostan-1 2-one according to the procedur 
described in J. Chem. Soc. 1956, 4344. 

25 (3S.&T.1 1o.12B.26RV1 1 .23-d1bromosDirostan-3.12-dtol : (3B,5a,11a,26R)-11^3- 
dibromo-3-acetoxyspirostan-1 2-one (20.00 g, azeotropically dried with toluene) was 
dissolved in THF (600 mg and cooled to -78°C. Lithium aluminum hydride (96.0 
mL of 1 .0 M THF solution) was slowly added and the resulting mixture was stirred at 
-78°C for 2 hours and 0°C for 0.8 hour. Using a cannula, the mixture was 

30 cautiously transferred into stirred 3 M aqueous ammonium chloride (200 mL). The 
organic phase was separated, combined with THF washes of the solid residues, and 
concentrated to give the title compound. 
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(3B.5g.1 1B.12B.25R)-23-br mo1 1 .12-eDoxvspirostan-3-ol : Th following procedur 
is a variation of that described in Helv. Act. Chim. . 1953, 36, 1241. 
5 (30 f 5a,11a,123 t 25R)-11,23-dibromospirostan-3 f 12-diol (18.08 g) was dissolved in 
pyridine (500 mL) at room temperature and treated with silver oxide (70.0 g). The 
resulting mixture was stirred in the dark for 71 hours. The mixture was filtered and 
the solid washed with ether and then chloroform. These washes were combined 
with the filtrate and concentrated. The resulting solid was purified by flash 
10 chromatography (1 :1 hexanerethyl acetate) to give 12.2 g of a 1:1 mixture of the titl 
compound and (38,5a,25R)-23-bromospirostan-3-oM 2 -one. Further 
chromatography (7:3 hexane: ethyl acetate) provides pure title compound. 

{3B.5q.1 1 B.1 2flr.25R^23>bromo-12-(trichloroacetoxv)spirostan-3.1 1<liol : Using the 
15 procedure described in J. Chem. Soc. 1956, 4330, (38,5a, 1 1B,12B,25R)-23-bromo- 
11,12-epoxyspirostan-3-ol was treated with trichloroacetic acid in toluene at room 
temperature for 3 days to give the title compound. 

(3B.5a.1 1B.12a.25R^23-bromo-spirostan-3.1 1 .12-triol : Using the procedure 
20 described in J. Chem. Soc . 1956, 4330, (3B,5a f 1 1B,12a,25R).23-bromo-12- 

(trichloroacetoxy)spirostan-3,11-diol was saponified with sodium hydroxide in water 
and ethanol to give the title compound. 

(3B.&T.1 1 B.12g.25Rl-spirostan-3.1 1 .12-triol : Using the procedure described in J* 
25 Chem. Soc., 1956, 4330, (38,5a,1 1B,12a,25R)-23-bromo-1 2-(trichloroacetoxy)- 

splrostan-3,1 1-diol was reduced with zinc and acetic acid to give the title compound. 

Preparation G2 
raB.5a.12iy.26rospirostan-3.12-dioM 1^one 

30 

(3S.&7.1 1 B.1 2q.25RV3.1 2<ll(acetoxvtepirostan-1 1 -ol : Using the procedure described 
in J. Chem. Soc . 1956, 4330, (3B,5a,11B,12a f 25R)-spirostan-3,11, 12-triol 
(preparation G1) was selectively acetylated with acetic anhydride and pyridine to 
give the title compound. 
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(3B.5<j. 1 2<r25Rl-3. 1 2-di(acetoxv)spirostan-1 1 -one : Using the procedur described in 
Org. Svn.. 1976, 55, 84, (38 l 5a,11Q > 12a,25R)^,12-di(acetoxy)-spirostan.11-cl was 
5 oxidized with chromium trioxide and pyridine in methylene chloride to give the title 
compound. 

(3B.5q.1 2flr.25Rl-spirostan-3.1 2-dioM 1 -one : Using the procedure described in Syn. . 
1973, 790, (3B,5a,12a,25R)-3,12-di(acetoxy)spirostan-11-one was saponified with 
10 potassium cyanide in water, methanol and THF to give the title compound. 

Preparation G3 
(3l? f fty t 1 la^spirostyi^J 1-diol 

15 /3B.5a.11B.2Smspirostan^.11-diol: (3B,5a f 25R)spirostan^oM1^>ne (Aldrich 
Chemical Company, Milwaukee, Wl or Steraloids Inc., Wilton, N.H., or see 
preparation G13) was converted Into the title compound via reduction with lithium 
aluminum hydride in THF at room temperature according to the procedure 
described In J. Any Chem. Soc lt 1951, 23, 1777. 

20 

Prepflrfllpn G4 
(36,5^1 1 ffl 2?P)spirostarv3,11-diol 

f3B.5a.1 1o.26Rlsplrostan-3.1 1-diol : (3B,5a>25R)spirostan-3-ol-1 1 -one (Aldrich Chemical 
25 Company, Milwaukee, Wl or Steraloids Inc., Wilton, N.H., or see preparation G1 3) was 
converted Into the title compound via reduction with lithium and ammonia according 
to the procedure described in J. Am. Chem. Soc . 1953, Z§, 1282. 

Preparation G5 

30 QB.to.11B.12B.25m SD lrostan^.11.12^ 

r3B.Sg.11B.12B.25RteDlrostan-3.11.12>trte» : (3B f 5a f 12B f 25R)-3,12-di(acetoxy)spirostan. 
11 -one (purchased from Steraloids, Inc., or see preparation Q13) was converted into 
the title compound via reduction with lithium aluminum hydride in THF at room 
temperature according to the procedure described in J. Am. Chem. Soc 1951, 73, 

35 1777. 
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Pr paration G6 
raS.Sa.l 1g.12B.2Smsoirostan.31 1 .Ig-triol 

5 

(3R.Sa. 1 2B.25RteDirostan-3.1 2-dloM 1 -one : (3B,5a,12B,25R)-3,12-di(acetoxy)spirostan- 
11 -one (purchased from Steraloids, Inc., or see preparation G13) was saponified with 
potassium carbonate in water, methanol and THF to provide the title compound. 

10 f3B.Sg.11g.12B.2SR^Dirostan^.11.12-triol : (38,5a.12B,25R)spirostan-3,12-diol-11-on 
was converted into the title compound via reduction with lithium and ammonia 
according to the procedure described in J. Am. Chem. Soc . 19S3, 75, 1282. 

Preparation G7 

15 f3B.6tf.12 g .26RteDlrostan-3.12-dtol 

(38.5g.1 2g.25Rteplrostan-3. 1 2-dlol : Using the procedure described in J. Am. Chem. 
Soc.. 1984, ZS, 4013, (38,5a,25RHpirostan-3-oM 2-one was reduced with Hthium 
aluminum hydride in ether to give a mixture of C-12 alcohols from which the till 
20 compound was isolated. 

Preparation G8 
(3B.S g .25RVsDirostaiv3<>|.1 1 .12-dlone 

25 (3B.6g.1 2B.25RV^-ft-butvldlmethvlsnvloxy)sDirostan-1 2-oM 1 -one : Using the procedure 
described in J. Am. Chem. Soc.. 1972. 94. 61 90. f3B.5g.1 2B-25RVsplrostan-3. 1 2-diol-1 1 - 
one (tee preparation G6) was silyiated with t-btrtyldimethylchJorosilane and imidazole 
in DMF to give the title compound. 

30 f3fl.Sfl^5RV^-but\^lmem^8iMoxv^plrostiuv1 1 .12-dIone : Using the procedure 
described in Ore. Svn.. 1976, §§, 84, (38,6o,126,25R)-3-(t-buty1dlmethyl8ilytoxy)- 
splrostan-1 2-oM 1 -one was oxidized with chromium trioxide and pyridine in methyl en 
chloride to give the tide compound. 
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(3B.5g.25R)-spirostan-3-ol-11.12-dion : Using th procedure described in J.Am.Chem. 
Soc,, 1972, 94, 6190, (33,5a,25R)-3-{t-butyldimethy)silyloxy)spirostan-1 1,12-dione was 
5 desilyiated with hydrofluoric acid in acetonitrile to give the title compound. 

Preparation G9 
(SQ.Str. 1 1 B.26RVsoirostan-3.1 1 -diol-12-one 

10 (3B.&r11B.12B.25RKlft-butvldtm^ (3B,5a,120,25R)-3- 
(t-butyidimethylsilyloxy)spirostan-12-ol-11-one (see procedure G8) was converted into 
the title compound via reduction with lithium aluminum hydride in THF at room 
temperature according to the procedure described in J. Am. Chem. Soc. 1951, 73, 
1777. 

15 

f3B.5 g .11B.12B.25R1.3.a.butvidimethvlsllvloxv).12.aceto X v S pirostan.11.ol: 
(3B,5ff,11B,12B,25R)-3-(t-butyidimethylsilyloxy)spirostan-11,12-diol was selectively 
acetyl at ed with acetic anhydride, pyridine and dimethyiaminopyridine in methyl en 
chloride to give the title compound. 

20 

f3B.5o.11B.12B.25R)-3-ft-butvldimethvlsilvloxvM1-ftrlmethvlsilvloxvM2- 
acetoxvsolrostane: (3B,5o,1 1B,12B,25R)-3-(t-butyldimethylsilyloxy)-1 2- 
acetoxyspirostan-11-ol was silyiated with trimethyisilyttriflate and 2,6-iutidine in 
methylene chloride according to the procedure described in Tetrahedron Letters. 1 981 , 
25 2. 3455. 

f3B.5fl.11B.12B.25R^-3-(t-buMdlmeth^silvloxv\-11-ftrimethvlslMoxv^Dlrostan-12-ol : 
(38,5a,1 1 B.1 2B^R)-3-(t-butykfimethyisayloxy)-1 1 -<trimsthylsilvtoxy)-1 2-acetoxysplrostane 
was deacetyiated by treatment with lithium aluminum hydride in THF followed by 
30 catious addition aqueous ammonium chloride. The resulting title compound suffered 
11 to 12 sByl group migration on silica gel, and thus had to used un purified. 
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f33.5g.11B.25RV3>^butvldlmethvlsiM xvMl^trimQthvlsllvloxv^ D ir stan.12.one: 
(38,50,1 1 6, 1 2B,25R)-3-(t*utyldimethylsilyloxy)-1 1 -(trimethylsilyloxy)spirostarH 2ol 
5 was oxidized with chromium trioxide and pyridine in methylene chloride according to 
the procedure described in Org. Svn. . 1976, 55, 84 to give the title compound. 

(38.5a, 1 1B.25RVspirostan-3,1 1-dlol-12-one : The title compound was synthesized fr m 
(3B,5o, 1 1 B,25R)~3-(t-buty1dimethylsnyloxy)-1 1 -(trimethylsilyloxy)spirostan-1 2-one was 
10 desilylated with hydrofluoric add in acetonrtrile according to the procedure described 
in J. Am. Chem. Soc . 1972, 94, 6190. The title compound must be carefully handled 
because it will rearrange to (3B,5a,12B,25R)-spirostan-3,12-dioi-11-one if exposed to 
base. 

Preparation G10 

15 QB.Sg.l Ig^spirostan^^ 1-diol-12-one 

f3B.&r1 1 g .12B. 2SR13.1 l-difacetoxv^spirostan-12^1 : (38,50,1 1cr,12B,25R)-spirostan- 
3,1 1 , 12-trtoi (see preparation G6) was acetylated according to the procedure described 
in J. Am. Chem. Soc. . 1955, JL 1632 to give a mixture of acetates from which the title 
20 compound could be isolated. 

f3B.Sflr.1 1flr.25Rl3.1 1-dlfacetoxvteplrostan-12-one : (3B,5a t 11a,12B,25R)3,11- 
di(acetoxy)spirostan-12-ol was oxidized with chromium trioxide and pyridine in 
methylene chloride according to the procedure described in Org. Svn.. 1976, 55, 84 to 
25 give the title compound. 

QBifigJ 1 g.25R)splrostan-3.1 1 -dtoM 2-one : (38 t 5a,11a^5R)-3 r 11-di(acetoxy)spirostan- 
1 2-one was saponified with sodium methoxkJe in methanol and THF to give the title 
compound. 

30 Preparation G11 

r3B.5a.11i>.12ir.26R>spirostafv3.11.124riol 

(3B.5g.25R)spirostan-3-ol-12-tosvlhvdra^ 

was dissolved in glacial acetic acid (200 mL) and warmed to 50°C. Para- 
35 toluenesuHonylhydrazide (6.928 g) was added and the soluti n was stirred at 50°C for 
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30min. Aft ranaddfti nal 2 hours of stirring at room temp ratur , water (200 mL) was 
added. Th resulting solid was collected, washed with water (100 mL), dried, triturated 
5 with refluxing acetone (300 mL), filtered hot and dried to give 3.903 g of the title 
compound. 

(3B.5g.25Rtepirost-1 1 -en-3-ol : A mixture of (33,5a,25R)spirostan-3-ol-1 2-tosylhydrazon 
(9.100 g) and sodium methoxide (8.379 g) in DMF (200 mL) was heated to 150°C for 

10 35 minutes, then cooled to room temperature. The mixture was then poured into ice 
water (1200 mL) and the resulting suspension filtered. The collected solid was washed 
with water (100 mL), air-dried, and dissolved in methylene chloride (700 mL). This 
solution was washed with water (2 X 200 mL), dried with MgS04, and concentrated t 
give a white solid. Following flash chromatography, 2.384 g of the title compound (mp 

15 179-181 °C, lit. 188-192«C - J. Am. Chem. Soc 1954, 76,4013) was isolated. 

(3B.&7.1 1a.12i7.25Rtepirostan-3.1 1 ,12-triol : (3B, 5a,25R)spirost-1 1 -en-3-ol was oxidized 
to the title compound with osmium tetroxide and N-methyimorpholine-N-oxide in water, 
t-butanol and acetone according to the procedure describe in Tetrahedron Letters. 
20 1976, 1973. 

Preparation G12 
(3B l ? gl 1gB l 2gR)spirostan-3 l 12-dioM1-one 
{3B.&y.1 1 B.25RV1 1-bromospirostan-3-oM 2-one: A glass lined reactor was charged with 
50 gallons of methanol then subsurface sparged with hydrochloric acid gas until 7.7 Kg 
25 (5.0 eq) were charged. Upon completion of this sparge, the reactor was charged with 
18.8 Kg {4Z2 mole) of (3B,5cr,25R)splrostan-3-oM 2-one, 50 gallons of methanol and 
10 gallons of methylene chloride. This mixture was cooled to 10 °C and a solution of 
8.4 Kg bromine (52.7 mole, 125 eq) in 10 gallons of methylene chloride was added 
over 2 hours while a pot temperature of approximately 1 0° C was maintained. Once th 
30 addition was complete the reaction was allowed to warm to room temperature and was 
stirred for 2 hours. TLC at this point indicated complete reaction. 

The reaction was diluted with 50 gallons of water and stirred for 10 minutes. 
After separation of layers, the aqueous layer was extracted twice with 30 gallons of 
methylene chloride. The three combined organic extracts were washed twice with 30 

35 



WO 94/00480 



PCT/US93/04092 



-56- 

gallons f water, nee with 30 gallons f saturated brine, then dried using 7.0 Kg of 
magnesium sulfate. The drying agent was removed by filtration on a 30 inch Lapp 
5 followed by two 3 gallon methylene chloride washes. The filtrate and washes combined 
were atmospherically distilled to a 7 gallon total volume. Two 10 gallon methan I 
charges were made followed by continued distillation. When a final volume of <10 
gallons had been reached the mixture was cooled to room temperature. The resulting 
suspension was granulated for 2 hours, filtered on a 30 inch Lapp, and the filter cak 
10 was washed twice with 3 gallons of methanol. Vacuum drying the filter cake at 45-50° 
C yielded 12.6 Kg (58.6% yield) of the title compound. 

(3B.5g.12B.2SRtePlrostan-3.1 2-dloM 1 -one : A glass lined reactor was charged with 12.4 
Kg of (SB^HS^SR^H-bromospirostan-S-ol-^-one (24.34 mole), 33 gallons of t- 

15 butanol, 33 gallons of water and 7.5 Kg (189 mole, 7.75 eq) of sodium hydroxide 
pellets. The reaction was heated to reflux over 1 .5 hours, maintained at reflux for 4.5 
hours (pot temperature was 83° C), then cooled to room temperature. TLC at this 
point Indicated complete reaction. 

The reaction was distilled to remove the t-butanol. This was accomplished both 

20 by vacuum and atmospheric distillation. During the concentration two 32.5 gallon 
charges of water were added. Once the t-butanol had been removed, the aqueous 
suspension was cooled to room temperature and granulated for 2 hours. Th 
suspension was filtered on a 30 inch Lapp, washed twice with 3 gallons of water, and 
the filter cake was air dried at 60 °C. This afforded 1 1 .1 Kg of the title compound. 

25 

Preparation G13 
(gfrgg^Rjsplrostan-S-ol-l 1-one 

f38.6g.12B.26RV3.12-diacetoxysplrostan-1 1-one: Aglass lined reactor was charged with 
30 26 gallons of pyridine, 26 gallons of acetic anhydride and 11.0 Kg of 
(3B,5a,128,25R)spirostan-3,1 2-dioM 1-one (preparation G12). This mixture was refluxed 
for 2 hours (pot temperature 128° C) and allowed to cool to room temperature. Th 
reaction was vacuum distilled to a total volume of 15 gallons (pot temperature 
approximately 45° C during distillation). Th suspensi n was diluted with 25 gall ns 
35 f acetic acid and further vacuum distilled to a 1 5 gallon total v lum (pot temperature 
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at end appr ximat ly 80° C). Th mbctur was diluted with 87 gallons f water and 
cooled to room temperature. After 5 hours of granulation, the titled compound was 
5 isolated by filtration on a 30 inch Lapp followed by two 3 gallon water washes. Th 
fitter cake was dried at 60° C under vacuum to yield 12.2 Kg (93.3%). 

raB.5u.25Rtepirostan-3-ol-1 1-one: A stainless steel reactor was cooled to -80° C by 
passing liquid nitrogen through internal coils. Ammonia was added to the reactor until 

10 54.5 Kg (80 liters, 3,200 mole, 170 eq) had been charged. 

At the same time that the ammonia charge was commencing, a glass lined 
reactor was charged with 10.0 Kg of (3B,5a,12B,25R)-3,12-diacetoxyspirostan-1 1-one 
18.84 mole) and 40 gallons of THF. This solution was atmospherically distilled until a 
26 gallon total volume had been reached. 

15 At the completion of the ammonia charge, 2.8 Kg of calcium turnings (69.0 gram 

atoms, 3.7 eq) were added over 30 minutes while maintaining a pot temperature of -50° 
C. At the completion of this addition the THF solution of (30,5cr,12fl,25R)-3,12- 
diacetoxyspirostan-1 1 -one was added over 20 minutes (pot temperature at the end of 
the addition was -35° C) followed by a 1 .0 gallon THF rinse. The reaction mixture was 

20 stirred for 30 minutes at - 35°C to -40°C. While the reaction was at -35° C to -40° C, 
3.33 liters of bromobenzene (4.98 Kg, 31 .7 mole, 1 .68 eq) were added followed by 3.33 
liters of water. 

After this addition, the distillation of ammonia from the reactor was initiated. This 
distillation was directed to a water scrubber. Once ail of the ammonia had been 

25 removed, the reaction (now at 24° C) was transferred to a glass lined reactor followed 
by a 4 gallon THF rinse. The solution and rinse combined were vacuum distilled to a 
thick ofl. To this was added 35 gallons of methanol and 3.3 Kg (59 mole) of potassium 
hydroxide peBets. This mixture was heated at reflux for 1 hour, cooled, then 10 liters 
of acetic acid and 44 gallons of water were charged. This suspension was further 

30 cooled to room temperature and granulated for 1 hour. The titled compound was 
isolated by filtration on a 30 Inch Lapp followed by a 5 gallon 3:1 water/methanoi wash. 
Vacuum drying at 55° C yielded 7.05 Kg (86.9%). 
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Preparati n G: Physical Data 
Satisfactory MS and IR data was obtained on all of the (3B,5a,25R)spirostan-3- 
5 ols described in preparation G (see table 1). The various diol and triol products could 
be distinguished by proton NMR (see table 2) 
Table 1: Diagnostic Mass Spectrometry and Infrared Data 







LSMIS 


IR 




molecular 


parent ion 


diagnostic resonances 


compound 


formula 


(mfz) 


(cm-1. intensity, solvent) 


110-Ot 


C„H M 0 4 


433 


3575 (ml. 3440 (ml (CHCy 


11G-OI 


c„h„o 4 


433 


3560 (m), 3425 (m) (CHCI,) 


Mo-oi 




433 


3590 (ml, 3420 (m) (CHCy 


12B-OI 


c„h m o. 


433 




11a,12ff-diol 




449 


3424 (ml (KBr) 


11a,126-diol 


C I7 H„0 s 


449 


3550 (ml. 3450 (m) (CHCt,) 


11B,12a-diol 




449 


3441 (ml (KBr) 


11B.12B-diol 


C^HmO, 


449 


3600 (ml, 3450 (ml (CHCU 


11<m>H 2-one 




447 


3515 (ml, 1705 (s) (KBr) 


1 lft-ol-1 2-one 




447 


3450 (m). 1712 (s) (KBr) 


12ff-oM 1-one 


C„H„0, 


447 


3410 (ml. 1706 (s) (KBr) 


12S-oM 1-one 


c„h„o s 


447 


3475 (m), 1708 (s) (CHCI,) 


11,12-dtone 


C„H„O f 


445 


3600 (w), 3400 (m), 1710 (w) 








1670 (s), 1605 (mUCHd,)' 


1 1-one 


C„H„0 4 


431 


3600 (w), 3450 (m), 1705 (s) (CHCI,) 



1 - IR data suggest that this compound readily tautomerizes enol ketone form in CHCI,. 



25 Table 2: Diagnostic Proton Nuclear Magnetic Resonance Data* 
compound oaaka >2 aom 



1 1 »«l 3.90 (ddd. 6,6 &4 Ha, 1 H). 2.26 (dt. 1 3&4, 1 H) 

IIB-ol 4.22 (brt, 1 H) 

120-oi 3.67 (s. 1 H), 2.37 (dd, 8 & 7 Hz, 1H) 

128-01 3.26 (dd, 10 & 4 Ha, 1H) 

30 

1 1c,12*-diol 3.91 (m. 1H), 3.56 (d, 3H, 1H), 2.45 (dd, 9 &7 Hz, 1H) 

11a.12S-diol 3.55<m. 1H), 3.03 (d, 8H. 1H), 2.21 (dt.12 &4 Hz, 1H) 

1 1 6.12o-diol 4.12 (br a, 1H), 3.55 (d. 2 Hz, 1H). 2.36 (dd, 9 &7 Hz, 1H) 

1 18,128-diol 4.07 (br a, 1H). 3.13 (d, 3 Hz, 1H) 

1 1 ff-oM 2-one 3.72 (m, 1 H), 2.39 (dt, 1 3 & 4 Hz, 1 H) 

1 1 B-oM 2-one 3.96 (m, 1 H), 2.2 (m, 1 H) 

35 120-oM 1-one 3.51 (a, 1H), 2.57 (dd, 8 & 7 Hz, 1H), 2.2 (complex, 7H) 

12B-oM 1-one 3.78 (s, 1H), 2.39 (dt,13 &4 Hz. 1H), 2.1 (m, 2H) 
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2 • Alt samples run in CDCI, except 1 1G-oM2-one which was run in DMSO-d a . Peaks for 
H i* H,, and H 2fttt are also observed at >2 ppm. In CDCI,, these are observed at 
4.37 (ddd, J = 9, 9 & 7 Hz, 1H), 3.56 (heptet, J ■ 4 Hz, 1H), 3.45 (ddd, J - 10, 6 & 
5 2 Hz, 1H), 3.35 It, J ■ 11 Hz, 1H). 

Preparation H1 
f5q.25R)-spirostan-3-one 
Pyridinium chlorochromate (PCC) was added to a mixture of tigogenin (50.00 
g, 120.0 mmol), celite (160 g), in CH 2 CI 2 (1000 mL) at 0° C. The reaction was 
10 allowed to come to ambient temperature and was stirred for 5 hours. The reaction 
was diluted with 1000 4 mL Et 2 0 and was filtered through a silica gel plug. The plug 
was washed with an additional 6000 mL Et 2 0. The filtrate was concentrated in 
vacuo to afford 45.00 g of the title compound (90.4%). 

1 HNMR (250 MHz, CDCI 3 ) d 4.38 (q, J - 7Hz, 1H); 3.40 (m ( 2H); 2.20-2.45 (m, 
15 3H); 0.70-2.14 (m, 36H); 1.02 (s f 3H); 0.96 (d, J = 7 Hz, 3H); 0.76 (s f 3H); 0.76 

(d, J = 7Hz, 3H). MS: 415 (M + H)*; MP 209-211° C. 

Preparation H2 
(2ir.5g.25R}-2-bromospirostan-3-one 
20 a mixture of (5a,25R)-spirostan-3-one (1 .00 g, 2.41 mmol) and tetrahydrofuran 

(10 mL) was cooled to -78° C under nitrogen atmosphere. Bromine was added (0.39 
g, 2.41 mmol) and the reaction mixture was gradually warmed to room temperature. 
After three hours, the reaction was quenched by the addition of saturated sodium, 
bisulfite solution. The mixture was diluted with ethyl acetate, washed with saturated 
25 sodium bisulfite solution (1x), saturated sodium bicarbonate (1x), brine (1x), dried 
(sodium sulfate), filtered, and concentrated in vacuo . Upon addition of ether, a 
precipitate formed which was filtered and washed with hexaneu to give 1.20 g, 
(85%) of the title compound. 

'HNMR (250 MHz, CDCI,) d 4,76 (q, J - 7Hz, 1H); 4.40 (q, J = 7Hz, 1H); 3.40 
30 (m, 2H); 2.64 (q, J * 6, 1H); 2.40 (m, 2H); 0.70*2.55 (m, 34H); 1.10 (s, 3H); 

0.96 (d, J - 7Hz, 3H); 0.80 (s, 3H); 0.80 (d, J = 7, 3H). MS 493 (M + H)\ 



35 
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Pr paration H3 
(5g.25R}-spirost-1 -en-3-one 
5 A mixture of lithium bromide (0.700 g f 8.06 mmol), lithium carbonate (1 .20 g, 
16.24 mmol) and anhydrous N.N-dimethytformamide (30 mL) were heated under 
nitrogen atmosphere to 95° C. To this mixture, (2a,5a,25R)-2-bromospirostan-3-one 
(4.00 g, 8.11 mmol) was added. The reaction mixture was stirred at 130°C for 3 
hours. After cooling to room temperature, the reaction mixture was diluted with ethyl 
10 acetate, washed with water (3x), brine (1x), dried (sodium sulfate), filtered and 
concentrated Iq vacuo to afford 3.31 g, (98%) of the title compound. 

1 HNMR (250 MHz, CDCI,) d 7.10 (d, J = 10Hz,. 1H); 5.85 (d ( J = 10Hz, 1H), 
4.40 (q, J = 7Hz, 1H); 3.40 (m, 2H); 2.30 (m, 2H); 0.70-2.05 (m, 33H); 1.02 (s, 
3H); 0.96 (d, J = 7Hz, 3H); 0.80 (s, 3H); 0.78 (d, J » 7Hz, 3H). MS 413 (M + 
15 H)*. 

Preparation H4 
(1 g.2g.&r,25RV1 .2-epoxv-spirostan-3«one 
A mixture of (5a,25R)~spirost-1 -en-3-one (2.87 g, 6.96 mmol), tetrahydrofuran 
(30 mL), methanol (50 mL) and 15% sodium hydroxide (1 mL) was stirred under 
20 nitrogen atmosphere. The mixture was cooled to 0°C and 30% hydrogen peroxide 
(5 mL) was added. The reaction mixture was gradually wanned to room temperatur 
and stirred for 4 hours. The reaction was diluted with ethyl acetate, cooled to 0°C, 
and then quenched with saturated sodium bisulfite solution. The mixture was 
washed with saturated sodium bisulfite (2x), brine (1x), dried (sodium sulfate), 
25 filtered and concentrated Iq vacuo to give 2.64 g, (88%) of the title compound. 

'HNMR (250 MHz, CDCJ 3 ) d 4.40 (q, J - 7Hz, 1H); 3.40 (m, 3H); 324 (d, J «= 
6Hz, 1H); 226 (dd, J - 18, 4 Hz, 1H); 0.70-228 (m, 34H); 0.98 (d, J « 7Hz, 
3H); 0.92 (a, 3H); 0.80 (s, 3H); 0.78 (d, J - 7Hz, 3H). MS 429 (M + H)*. 

30 Preparation H5 

(1g,39,ftr,2gRH ^iffrydroxYlspirostan* 
Lithium aluminum hydride (0.43 g, 15.38 mmol) was added to a solution of 
(1a,20,5ff,25RHi2-epoxy-spirostan-3-one in THF (20 mL) at 0°C. The reaction was 
gradually wanned to room temperatur and after 3 hours, additional lithium 
35 aluminum hydride (0.10 g, 3.58 mmol) was added. Aft r 1 hour, th reaction was 
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co led t 0°C and quenched by th sequ ntial addition of H 2 0 (0.75 mL), 15% 
NaOH (0.75 mL), and H 2 0 (1.50 mL). The mixture was dried with MgS0 4 , Uttered, 
5 and concentrated in vacuo . The product was purified by flash chromatography 
(50% EtOAc/50% hexane to 95% EtOAc/5%MeOH) to afford 0.460 g, (34%) of the 
title compound. 

'HNMR (250 MHz, CDCI,) d 4.48 (q, J = 7Hz, 1H); 4.04 (m, 1H); 3.80 (m, 1H); 
3.40 (m, 2H); 0.75-2.05 (m, 37H); 0.96 (d, J ■ 6Hz, 3H); 0.84 (s, 3H); 0.78 (d, J 
10 - 6Hz, 3H); 0.76 (s, 3H). MS 433 (M + H)*. 

Preparation 11 

f3B.5g.25R)-3-fmeptaacetvl-B-D-ceHobtosvnoxv1spirostan-1-one 
Pyridinium chlorochromate (0.123, 0.57 mmol) was added to a mixture of 
15 (1 o,3B ,5o ,25R)-3-[(heptaacetyl-B-D-cellcbiosyl)oxy]-1 -hydroxyspirostane 

(0.2 g, 0.19 mmol, see preparation B39), celtte (0.2 g). in CH 2 CI 2 (5 mL) at 0°C. Th 
reaction was allowed to come to ambient temperature and was stirred for 2 hours. 
The reaction was diluted with 15 mL Et 2 0 and was filtered through a silica gel plug. 
The plug was washed with an additional 500 mL Et,0. The filtrate was concentrated 
20 In vacuo to afford 0.18 g of the title compound (90%). 

'HNMR (250 MHz, CDCIj) d 5.15 (m, 3H); 4.90 (m, 2H); 4.50 (m, 2H); 4.36 (m, 
2H); 4.05 (m, 2H); 3.65 (m, 3H); 3.40 (m, 2H); 2.35 (t, J = 12.5 Hz, 1H); 2.60 
(q, J « 6 Hz, 1H); 1.96-2.20 (m, 21H); 0.70-1.90 (m, 37H); 1.15 (s, 3H); 0.95 (d. 
J ■ 7Hz, 3H); 0.80 (d, J = 6 Hz, 3H); 0.76 (s, 3H). MS: 1049 (M + H)\ 

26 

Preparation J1 
f3B.25RV3^thoxvmethoxv^.splrostene 
A mixture of dlosgenln (2.6 g, 6.0 mmol), chloromethyl ethyl ether (1.14 g, 
12.0 mmol), disopropylethylamine (3.90 g, 30.0 mmol) and 1 ,2-dichloroethane (75 
30 mL) was stirred under nitrogen atmosphere at ambient temperature for 4 hours. 
Methanol (<1 mL) was added to quench the reaction . The mixture was diluted with 
ethyl acetate and washed with water (2x), brine (1x), dried over sodium sulfate, 
filtered and concentrated in vacuo to give 2.17 g ( 76.6%) of the title compound as 
a colorless s lid. 



35 
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'H NMR (250 MHz, CDCI,) d 5.35 (d, 2H f J=7.0 Hz); 4.75 (s ( 2H); 4.4 (m, 
1H);3.6 (q, 2H, J=7.0 Hz); 3.4 (m t 2H); 3.35 (t, 1H, J=1l Hz); 2.4-0.7 (m f 38H); 
5 1.2 (s, 3H); 0.95 (d, 3H f J«7 Hz); 0.8 (d, 3H, J«7 Hz); 0.75 (s, 3H). MS: 777 

(M+Na)*;mp 125-127°C. 

Preparation J2 
(3B.5g.6g.25Rl-3-ethoxv methoxv-6-hvdroxvsDirostane 
Borane-tetrahydrofurancomplex (0.68 mL, 0.68 mmoi) was added to a solution 

10 of (38,25R)-3-ethoxymethoxy-5*pirostene (0.10 g, 0.21 mmol) In tetrahydrofuran (8 
mL). The mixture was stirred under nitrogen atmosphere at ambient temperature for 
3.5 hours. The reaction mixture was cooled to 0°C and methanol (1.5 mL), 15% 
sodium hydroxide solution (1.5 mL) and 30% hydrogen peroxide (1.5 mL) were 
added. The reaction mixture was then gradually warmed to ambient temperature and 

15 stirred overnight The reaction was quenched at 0°C by the addition of saturated 
sodium bisulfite solution. The mixture was diluted with ethyl acetate and washed with 
ammonium chloride solution (1x), brine (1x) v dried (sodium sulfate), filtered and 
concentrated in vacuo to give 0.11 g of a mixture of the 6o-alcohol and the 68- 
alcohol. The two products were separated by flash chromatography on silica gel 

20 (6:4 hexane/ethyt acetate). The major product ( Rf =0.40) was identified to be the title 
compound. 

*H NMR (250 MHz; CDCI 3 ) d 4.7 (s, 2H); 4.4 (m, 1H); 3.6 (q, 2H, J=11.0 
Hz);3.45 (m f 3H); 3.35 (t f 1H, J=11.0 Hz); 2.3-0.6 (m, 41H); 1.8 (d, 3H, J=7.0 
Hz);0.82 (s. 3H) f 0.78 (d, 3H f J=7.0 Hz); 0.75 ( s, 3H). MS: 491 (M+H)*; mp 
25 171 «C. 

Preparation J3 
f3B.5g.25RV3^thoxvmethoxv*splrostan-6-<>ne 
PyridWum chiorochromate (1.98 g, 9.20 mmol) was added to a mixture of 
30 (3B,5a,6o,25R)-3*thoxy methoxy-6-hydroxyspirostane (0.90 g, 1 .8 mmol) and celite 
(8.0 g) in anhydrous dichloromethane at 0°C. The reaction mixture was gradually 
warmed to ambient temperature over 1 hour and allowed to stir for an additional 5 
hours. The reaction mixture was then filtered through a plug of silica gel using ether 
as th eluent. Th combined eth r fractions were concentrated in vacuo to afford 
35 o.80 g (91%) of th title compound as a colorless solid. 
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'H NMR (250 MHz; CDCI 3 ) d 4.75 (m, 2H); 4.4 (m, 1H); 3.6 (q, 2H, J=7.0 Hz); 
3.45 (m t 2H); 3.35 (t, 1H, J=11.0 Hz); 2.4-0.6 (m f 40H); 0.9 (d, 3H f J=7.0 Hz); 
5 0.8 (d, 3H, J=7.0 Hz); 0.78 (s, 6H). MS: 489.0 (M+H)*; mp 191-193°C. 

Preparation J4 
(3B.5g.25R)-spirostan-6-one 
Concentrated hydrochloric acid (2 drops) was added to a solution of 
10 (3S 9 5a,25R)-3-ethoxymethoxy-spirostan-6-one (0.70 g, 1.43 mmol) in methanol (10 
mL) and tetrahydrofuran (10 mL). The mixture was stirred under nitrogen 
atmosphere and heated to 62°C. After 15 minutes, the reaction was cooled to 0°C 
and neutralized with 15% sodium hydroxide solution. The mixture was concentrated 
in vacuo then diluted with ethyl acetate. The organic layer was washed with water 
15 (2x), brine (1x), dried (sodium sulfate), concentrated in vacuo and purified by flash 
chromatography (1:1 hexane/ethyl acetate) to afford 0.55 g (89.4%) of the title 
compound as a colorless solid. 

'H NMR (250 MHz; CDCy d 4.4 (m, 1H); 3.45 (m, 2H); 3.35 (t, 1H,J=11.0 
Hz);2.36-0.6 (m, 38H); 0.95 (d, 3H, J=7.0 Hz); 0.75 (d ( 3H, J=7.0); 0.71 (s, 6H). 
20 MS: 431 (M+H)* ; mp 210-212°C. 

Pffpyatign K1 

(ffi.Sq.foggqi^ffhept^^ 6-hYdroxyspirostane 
Sodium borohydride (0.11 g t 2.86 mmol) was added to a solution of 

25 (38,5a^5R)^[(heptaacetyl-B-0-celIobiosyl)oxy] spirostan-6-one (1 .5 g, 1 .43 mmol, 
see preparation B41) in ethanol (20 mL) and dichloromethane (5 mL) and the 
mixture was stirred under nitrogen atmosphere at room temperature for 4 hours. The 
reaction mixture was then cooled to 0°C and was neutralized with 1N hydrochloric 
add. The mixture was partially concentrated in vacuo and then was diluted with ethyl 

30 acetate, washed with 1N hydrochloric acid (1x), brine (1x), dried (sodium sulfate), 
filtered and concentrated Jq vacuo to afford 1 .00 g (66%) of the title compound as a 
colorless solid. 

'H NMR (250 MHz; CDCI 3 ) d 5.2-4.4 (m, 14H); 4.3 (m, 1H); 3.75-3.35 
(m f 3H); 3.3 (t, 1H, J-11.0 Hz); 2.15-0.5 (m, 59H); 0.95 (s, 3H); 0.90 (d, 3H, 
36 j«7.0 Hz); 0.75 (s, 3H); 0.70 (d, 3H, J=7.0 Hz). MS: 1051 (M+H)* 
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tt should be understood that the invention is not limited to the particular 
embodiments shown and described herein, but that various changes and 
5 modifications may be made without departing from the spirit and scope of this novel 
concept as defined by the following claims. 



10 



16 



20 



25 



30 



35 



WO 94/00480 



PCT/US93/04092 



-65- 



Claims 

5 1 . A spirostanyl glycoside of Formula IA 



H 



10 



H 

Formula IA 

15 

wherein either (A): 

H OH OH H 

% r %r 

Q 1 is carbonyl, -C- or ~ c " ; 

20 H OH OH H 

% / % / 
Q 2 is carbonyl, methylene, ~ c ~ or ~ c ~ ; 

H OR 1 Rl j J 1 R l 0-*lkyl*r»«<C 2 -C 3 >-0 H 



25 

or 



R 1 0-«lkyl«n«<Cg-C 3 >-0 n H 

-C- 



Q* and Q 8 are both methylene; 

30 

and wherein 
R 1 is 

B-D-glucopyranosyl, 

S-O-glucopyranuronosyl, 

B-D-2-acetamido-2-deoxy-glucopyranosyl, 

35 

B-D-galactopyran syl, 
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or 
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B-D-fucopyranosyl, 

B-L-fucopyranosyl, 

S-D-xylopyranosyl, 

B-L-xylopyran osyl p 

o-D-arabanopyranosyl , 

<r-L-arabanopyranosy(, 

a-D-cellobiosyl, 

B-l>cellobiosyl, 

B-D-lactosyl, 

B-D-maltosyl, 

B-D-gentiobiosyl, 

3-O^D-galaclopyranosylHy-D-arabanopyranosyl or 
B-D-mahotriosyl; 



or (B): 



Q\ Q 4 and Q 8 are all methylene; 

„ H OH OH H 

Q 2 is -C- or -C- ; 



H OR 1 **0 H R l 0-alJtyla««CC 2 -C 3 >-0 H 



R*0- a 1 Icy 1 ana < C 2 -C 3 > -0 H 

v 



30 and wherein 
R'is 

B-D-glucopyranosyl, 
B-O-glucopyranuronosyl, 
B-D-2-acetamido-2-deoxy-glucopyranosyl t 
35 B-D-fucopyran syl, 
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B-L-fucopyranosyl, 

B-D-xyl pyranosyl, 

5 S-L-xyiopyranosyl, 

a-D-arabanopyranosyl, 
ff-L-arabanopyranosyl, 
B-Ocellobiosyl, 

B-D-lactosyt ( 

10 B-D-maitosyl, 

B-D-gentiobiosyl, 

30-64>galactopyranosyi^D*arebanopyr^ or 
B-D-maltotriosyl; 

or(C): 



15 



20 



or 



Q\ Q 4 and Q 5 are all methylene; 
CP is carbonyl; 

H OR 1 Rl 0 M R l 0-Alkyl«n«<C 2 -C 3 >-0 H 



R l 0-*lk y l«n«(C 2 -C 3 >-0 H 



x C„l8(R); 
and wherein 



30 



35 



R 1 It 

B-O-^ucopyranuronosyl, 

B-D-2-acetamldo-2-deoxy-glucopyranosyt t 

B-D-fucopyranosyl, 

B-L-fucopyranosyl, 

B-Docylopyranosyl, 

B-L-xylopyranosyl, 

o-D-arabanopyranosyl, 
a-L-araban pyranosyl, 

B-D-ceil bi syl t 
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B-D-iactosyi, 
B-D-mattosyl, 
5 B-D-gentiobiosyl, 

30^0^alactopyranosykr-D-arabanopyranosyl or 
B-D-maltotriosyl; 

or (D): 

Q\ Q 2 , Q 4 and Q 5 are each methylene; 

10 

* > 0Rl Rl |> H R l 0-*lkylent<C 2 -C 3 )-0^ H 

and 



IV R*Q-*lkylent<C 2 -C 3 >-0 H 
Q 3 is H> j -7- i 



or 



15 R x 0-*lkylene<C 2 -C a )-0 H 

-C- 



and wherein 
R 1 Is 

20 B-0-2-acetamido-2-deoxy-gtucopyranosy1 f 
B-D-fucopyranosyl, 
B-D-xylopyranosyl, 
B-L-xylopyranosyl, 

o-L-arabanopyranosyl, 
25 B-D-cellobiosyl, 

B-D-gentiobiosyt, 

30-8-0^alac4opyrano8yl^D-arabanopyrOT or 
B-maltotriosyl; 

or(E): 

2Q Q\ Q*, and Q 9 are each methylene; 

v 

Q* is carbonyi or ; 
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H OR 1 R^O H 

% / % / 

Q*i s -C- or -C- ; 

5 

C, is alpha; 

C 25 is ( R )l and wherein 
R 1 is 

B-D-galactopyranosyi, 
10 B-D-cetlobiosyl, 
B-D-lactosyt, 
B-O-mattosyi or 
B-D-maltotriosyi; 

or(F): 

15 Q\ Q 2 , and Q 4 are each methylene; 

HO H 

V 

Cr is carbonyl or ~ c " ; 

H 0R X r*o h 
» Q..V « V; 

Cb is alpha; 

C„ is (R); and wherein 

R 1 is 

25 B-D-galactopyranosyl t 
B-D-cellobiosyl, 
6-Wactosyl, 
B-D-mattosyl or 
B-D-maftotriosyl; 

30 with the proviso that (3B l 5a f 25R)-3-[(B-D-cellobiosyl)oxy]spirostane 
is not included. 



35 
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W0 H H OH 

V V 

2. A compound according to claim 1 wherein Q 1 is carbonyl, " c " or , 

H OR 1 

Q 2 , Q 4 and Q 5 are each methylene, Q 3 Is % / , the C 5 hydrogen is alpha and C 2 

-C- 

is (R). 

3. A compound according to claim 2 wherein Q 1 is carbonyl and R 1 is B-D- 
ceilobiosyl. 

4. A compound according to claim 2 wherein Q 1 is carbonyl and R 1 is B-D- 
galactopyranosyl. 

5. A compound according to claim 2 wherein Q 1 is carbonyl and R 1 is a-D- 
ceilobiosyl. 

6. A compound according to claim 2 wherein Q 1 is carbonyl and R 1 is B-D- 
glucopyranosyl. 

7. A compound according to claim 2 wherein Q 1 is carbonyl and R 1 is B-D- 
laetosyL 

8. A compound according to claim 2 wherein Q 1 is carbonyl and R1 is B~D- 
maftosyl. 

9. A compound according to claim 2 wherein Q 1 is carbonyl and R1 is B-D- 
maltotriosyl. 

H OH 

%/ 

25 10. A compound according to claim 2 wherein Q 1 is ~ c ~ and R 1 is B-D- 
celloblosyt. 

v 

J 1 is -C- 



15 



20 



30 



11. A compound according to claim 2 wherein Q' is " c " and R' is 3-0- 
ceBoblosyl. 

12. A compound according to daim 1 wherein Q 1 , Q* and Q 8 are each methylene, 

H OH HQ H H OR 1 

^ V V , V 

Q 2 is -C- or -C-,q»|s-C- , the C, hydrogen is alpha and C„ is (R). 



35 



WO 94/00480 



PCI7US93/04092 



-71- 



H OH 

13. A compound according to claim 12 wherein Q 2 is " c " and R 1 is B-D- 

5 

cellobiosyi. 

H OH HO H 

V V 

14. A compound according to claim 1 wherein Q 1 is carbonyl, or " c " , 

in H OH HO H H OR 1 

V V/ 



Q 2 is carbonyl, ~ c ~ or -C- , Q 3 is -C- , Q 4 and Q 5 are each methylene, C 



25 



is (R), and the C 5 hydrogen is alpha. 

15. A compound according to claim 14 wherein Q 1 is carbonyl, Q 2 is carbonyl and 
15 R 1 is «>cellobiosyl. 

H OH 
%/ 

16. A compound according to claim 14 wherein Q 1 is carbonyl, Q 2 is " c " and R 1 
is B-D-cellobiosy!. 

H OH 

20 

17. A compound according to claim 14 wherein Q 1 is carbonyl, Q 2 is " c - and R 1 



is B-D4actosyl. 



H OH 

18. A compound according to claim 14 wherein Q 1 is " c " , Q 2 is carbonyl and R 1 



30 H0 



is B-C^ceHobiosyi. 

19. A compound according to claim 14 wherein Q 1 is " c " , Q 2 is carbonyl and 
R' is B-D-cellobiosyt. 



v 

i to daim 14 wherein Q' is "' c " , Q 3 



35 
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20. A comp und according t daim 1 wher in Q 1 , Q* and Q 6 are ach methylene, 
H OR 1 

5 %? 

Q J is carbonyl, Q* is " c " , the C5 hydrogen is alpha and C„ is (R). 



21 . A compound according to claim 20 wherein R' is B-Wactosyl. 
1Q 22. A compound according to daim 20 wherein R' is B-D-cellobiosyl. 

23. A compound according to daim 1 wherein Q 1 and Q 2 , Q* and Q* are each 

h OR 1 

methylene, 0 s Is " c " and is (R). 

15 

24. A compound according to daim 23 wherein the C, hydrogen is beta and R' is 
B-D-cellobiosyl. 

25. A compound according to daim 23 wherein the C, hydrogen is alpha and R' is 
20 B-D-gentiobiosyl. 

26. A compound according to daim 1 wherein Q\ Q 3 and 0 s are each 

h OR 1 

V 

methylene, Q*is " c_ , Q* is carbonyl, the Cg hydrogen is dpha and C„ is (R). 



25 



27. A compound according to daim 26 wherein R 1 is B-D-cellobiosyl. 

28. A compound according to daim 1 wherein Q\ Q 2 and Q* are each 

h OR 1 

methylene, CP is -C- , Q° is carbonyl, the C, hydrogen Is alpha and C„ te (R). 



29. A compound according to daim 28 wherein R 1 is B-D-cellobiosyl. 

35 
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30. A method for controlling hyperchol sterolemia or atherosclerosis in a mammal 
comprising administering to a mammal suffering from hypercholesterolemia or 

5 

atherosclerosis a hypercholesterolemia or atherosclerosis controlling amount of a 
Formula I spirostanyt glycoside 



10 




15 



wherein 



Formula I 



either (A): 



20 



H OH OH H 

Q 1 is carbonyi, methylene, " c " or ~ c " ; 



H 0H 0H H 

25 % %/ %/ 

Cr is carbonyi, methylene, " c " or " c " ; 



H OR 1 R X 9 H R x 0-al 

30 



or 



R l 0-»lkyler>e<C 2 -C 3 >-0 H 

v 

-C- 

35 
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Q 4 and Q 6 ar b th methylene; 
and wherein 

5 

R* is 

B-D-gl ucopyranosyl , 

B-D-glucopyranuronosyl, 
10 IW>2-acetamido-2-deoxy-glucopyranosyl r 

6-D-galaetopyranosyi ( 

B-D-fucopyranosyl f 

B-L-fucopyranosyl, 
15 B-D-xylopyranosyl, 

B-L-xylopyranosyl, 

tf-D-arabanopyranosyl, 
o-L-arabanopyranosyt, 
20 o-D-cellobiosyl, 
B-D-ceflobfosyl, 

B-O-iactoeyl, 

B-D-ma!tosyl f 

25 B-D-gentiobiosyl, 

3-O-S-D^dactopyranosyi-a-D-arab^ or 

B-O-maJtotriosyt; 

or(B): 

30 

Q\ Q 2 , and Q 8 are each methylene; 
H OR 1 r 1 o H 

, V V 

Q 3 Is -C- or -C- ; 

35 
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Q 4 is earbonyl or 




5 



20 



25 



C 8 is alpha; 
C» is (R); 
wherein 
R 1 is 

8-D-galactopyranosyl, 
B-D<ellobiosyl, 
B-O-iactosyi, 
6-D-mattosyl or 
B-O-maitotriosyl; 



Q\ Q 2 and Q 4 are each methylene; 
h OR 1 rIq h 



Q 8 is earbonyl or ~ c 

Cgisalpha; 
C»is(R); 
wherein; 
R' is 

B-D-gaJactopyran syl, 



or(C): 
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B-D-cellobiosyl, 
B-D-tactosyl, 

5 

B-D-mattosyi or 
B-D-maKotriosyl; 
with the proviso that 
1 0 (38 t 6at25RV3-[(a-C>cellobiosyi)oxy]spirostane t 

(SS.Ba^RV^-KB-O-glucopyranosylJoxyJspirostane, 
(38 v 5a v 25R)-3-[(B-D-c6Uobiosyl)oxy]spirostane or 

(3B,5a^5R)-3-[(B-D^alactopyranosyl)oxy]spirostan-12-one are not included. 

15 

31 . The method according to daim 30 wherein Q 1 , Q 2 , Q 4 and Q 6 are each 

h OR 1 

methylene, C„ is (R) and Q* is -CT- . 

20 

32. The method according to claim 31 wherein the C 6 hydrogen is beta and R 1 is 
B-D-ceOobiosyl. 

33. The method according to daim 31 wherein the C, hydrogen is alpha and R 1 is 

25 

B-D-gtucopyranuronosyt. 

34. The method according to claim 31 wherein the C s hydrogen is alpha and R 1 is 
B-O-maltosyl. 

3Q 35. The method according to daim 31 wherein the C, hydrogen is alpha and R 1 is 
B-Otactosyt. 

36. The method according to claim 31 wherein the C, hydrogen is alpha and R' is 
B-D-gentiobiosyt. 

35 
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37. The method according to claim 31 wherein the C 5 hydrogen is alpha and fV is 
S-Ogalactopyranosyl. 

5 

H OH OH H 

38. The method according to claim 30 wherein Q 1 is carbonyl, -C- 0 r -C- , 



H OR 1 

10 %f 

Q 2 , Q 4 and Q 5 are each methylene, Q* is -C- f Cjg is (R) and the hydrogen is 



alpha 

15 39. The method according to claim 38 wherein Q 1 is carbonyl and R 1 is B-D- 
cellobiosyl. 

40. The method according to daim 38 wherein Q 1 is carbonyl and R 1 is B-D- 
galactopyranoeyl. 

20 41 . The method according to claim 38 wherein Q' is carbonyl and R Y is o-O- 
ceilobioeyi. 

42. The method according to claim 38 wherein Q 1 is carbonyl and R 1 is B-D- 
glucopyranosyl. 

25 

43. The method according to claim 38 wherein Q 1 is carbonyl and R 1 is B-D- 
maltosyl. 

44. The method according to claim 38 wherein Q 1 is carbonyl and R 1 is B-D- 
mattotriosyl. 

30 

46. The method according to daim 38 wherein Q 1 is carbonyl and R 1 is B-D- 
lactosyl. 



35 
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H OH 

46. Th method according to claim 38 wherein Q 1 is ~ c ~ and R 1 is B-D- 



cellobiosyi. 

HO H 

y 



10 



16 



25 



30 



47. The method according to daim 38 wherein Q 1 is " c " and R 1 is B-D- 
ceUobiosyi. 

48. The method according to claim 30 wherein Q\ Q 4 and Q 5 are each methylene, 



H 0H HO H H OR 1 

%/ V 

Q 2 is carbonyl, -C- or -C- f Q 3 is -C- t 



Cjg is (R) and the Cg hydrogen is 



20 49. The method according to claim 48 wherein Q* is carbonyl and R 1 is B-D- 
ceilobiosyf. 

50. The method according to claim 48 wherein Q 2 is carbonyl and R 1 is 8-D» 
lactosyi. 



H OH 

51. The method according to daim 48 wherein Q* is ~ c ~ and R' is B-D- 



35 



H OH 

SSL The method according to daim 48 wherein Q* is *C- and R 1 is B-0- 



galactopyranosyl. 
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H OH HO H 

% / V 

53. The method according to claim 30 wherein Q 1 is carbonyl, -C- or "C- 



H OH HO H H OR 1 

% / %/ X / 
Q 2 is carbonyl, -C- or " c " , Q» is -C- , Q« and Q $ 



are each methylene, C x 
10 

is (R), and the C, hydrogen is alpha. 

54. The method according to claim 53 wherein Q 1 is carbonyl, O 2 is carbonyl and 
R* is BO«ellobiosyl. 



1R H OH 

55. The method according to claim 53 wherein Q 1 is carbonyl, Q 2 is " c " and R 



is BO<ellobiosyl. 

20 H 0H 

56. The method according to claim 53 wherein Q' is carbonyl, Q 3 is " c " and R 1 



is B-CMactosyl. 

25 H OH 

57. The method according to dabn 53 wherein Q 1 is ~ c ~ , Q 2 is carbonyl and R 1 



b W>ceOobtesyl. 

58. The method according to claim 53 wherein Q 1 Is a " c " , Q 2 is carbonyl and 
R 1 is B-CXellobiosyl. 



30 H0 H 

V , 

J 1 Is a -C- , Q 2 
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59. The method according to claim 30 wherein Q\ Q 2 and Q s are each 

H OR 1 
5 %/ 

methylene, Q 3 is " c " , Q* is carbonyt, the C 8 hydrogen is alpha and C a is (R). 



60. The method according to daim 59 wherein R' is B-D-ceilobiosyl. 
1Q 61 . The method according to daim 30 wherein Q\ Q 2 and Q* are each 
H OR 1 

V 

methylene, Q» is -c- , C3» is carbonyl, the C s hydrogen is alpha and C„ is (R). 



15 62. The method according to daim 61 wherein R' is B-D-cellobiosyi. 

63. The pharmaceutical composition for the control of hypercholesterolemia or 
atherosderosis in mammals which comprises a compound of daim 1 and a 
pharmaceutically acceptable carrier. 

20 64. The composition comprising a hydrate of a compound according to daim 1 . 
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